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The consumption of immunoglobulins (Ig) is increasing due to better recognition of antibody
deficiencies, an aging population, and new indications. This review aims to examine the
various dosing regimens and research developments in the established and in some of the
relevant off-label indications in Europe. The background to the current regulatory settings
in Europe is provided as a backdrop for the latest developments in primary and secondary
immunodeficiencies and in immunomodulatory indications. In these heterogeneous areas,
clinical trials encompassing different routes of administration, varying intervals, and infusion
rates are paving the way toward more individualized therapy regimens. In primary antibody
deficiencies, adjustments in dosing and intervals will depend on the clinical presentation,
effective IgG trough levels and IgG metabolism. Ideally, individual pharmacokinetic pro-
files in conjunction with the clinical phenotype could lead to highly tailored treatment.
In practice, incremental dosage increases are necessary to titrate the optimal dose for
more severely ill patients. Higher intravenous doses in these patients also have benefi-
cial immunomodulatory effects beyond mere IgG replacement. Better understanding of
the pharmacokinetics of Ig therapy is leading to a move away from simplistic “per kg”
dosing. Defective antibody production is common in many secondary immunodeficien-
cies irrespective of whether the causative factor was lymphoid malignancies (established
indications), certain autoimmune disorders, immunosuppressive agents, or biologics. This
antibody failure, as shown by test immunization, may be amenable to treatment with
replacement Ig therapy. In certain immunomodulatory settings [e.g., idiopathic thrombo-
cytopenic purpura (ITP)], selection of patients for Ig therapy may be enhanced by relevant
biomarkers in order to exclude non-responders and thus obtain higher response rates. In
this review, the developments in dosing of therapeutic immunoglobulins have been limited
to high and some medium priority indications such as ITP, Kawasaki’ disease, Guillain–Barré
syndrome, chronic inflammatory demyelinating polyradiculoneuropathy, myasthenia gravis,
multifocal motor neuropathy, fetal alloimmune thrombocytopenia, fetal hemolytic anemia,
and dermatological diseases.
Keywords: IVIG, SCIG, replacement therapy, immunomodulation, dosing
INTRODUCTION
Indications for intravenous (IVIG) and subcutaneous (SCIG)
immunoglobulin (Ig) therapies are steadily increasing and the
annual demand has tripled in the last 15 years reaching a world-
wide consumption of ~130 metric tons in 2012 (1). Shortages in
supply have occurred in the past and cost pressure on health sys-
tems worldwide is growing The increased demand for therapeutic
Ig has been met by increasing the number of plasma donors and
by introducing new high-yield fractionation procedures, which
in some cases have been accompanied by increases in rates of
hemolytic anemia.
Reports involving alternative doses given in both Ig replace-
ment and immunomodulatory indications are questioning cur-
rent practice. These, together with emerging biomarkers associated
with Ig-responder and non-responder status, invite close scrutiny
of indications for, and methods of administering, IVIG and SCIG
use in the future. Traditional dosing of Ig has relied heavily
on a “per kg of bodyweight” calculation, which has now been
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Kerr et al. Dosing therapeutic immunoglobulins
Table 1 | Well established indications according to “Guideline to assess efficacy and safety of normal intravenous immunoglobulin products”
(CPMP/388/95 and CPMP/BPWG/859/95).
1994 “well established” indications Dose Frequency of injections
REPLACEMENTTHERAPY IN
Primary immunodeficiency syndromes (PID)
• Congenital agammaglobulinemia and hypogammaglobulinemia
• Common variable immunodeficiency disorders
• Severe combined immunodeficiencies
•Wiskott–Aldrich syndrome
Starting dose: 0.4–
0.8 g/kg – thereafter:
0.2–0.8 g/kg
0.2–0.4 g/kg
Every 3–4 weeks to obtain IgG trough level of at least
5–6 g/l
Every 3–4 weeks to obtain IgG trough level of at least
5–6 g/l
Secondary immunodeficiency syndromes (SID)
•Myeloma 0.2–0.4 g/kg
• Chronic lymphocytic leukemia (CLL) with severe secondary
hypogammaglobulinemia and recurrent infections
• Congenital AIDS with recurrent infections
0.2–0.4 g/kg Every 3–4 weeks
Every 3–4 weeks to obtain IgG trough level of at least
5 g/l
IMMUNOMODULATORY EFFECT IN
• Idiopathic thrombocytopenic purpura (ITP) in adults and children
at high risk of bleeding or prior to surgery to correct platelet count
0.8–1 g/kg or
0.4 g/kg/day
On day 1, possibly repeated once within 3 days
• Kawasaki disease 0.4 g/kg/day For 2–5 days
• Bone marrow transplantation (BMT) 1.6–2 or 2 g/kg For 5 days in divided doses over 2–5 days in
association with acetylsalicylic acid in one dose in
association with acetylsalicylic acid
brought into question [Ref. (2) and Chapel, submitted]. Given
that IVIG/SCIG is manufactured from a limited resource, the pos-
sibility of dose adjustment according to lean body weight or even
fixed doses titrated to effect in both replacement therapy and in
immunomodulation arises (2, 3). This may become especially rele-
vant in view of the combination of increasing numbers of patients
due to improving diagnostics in developing countries, an aging
population, and worldwide increases in body weight.
In this situation, the authors felt a need to reconsider the dos-
ing issue for the so-called established indications (Table 1) by
reviewing the literature, addressing safety and efficacy issues of
new IVIG and SCIG preparations, and proposing appropriate
measures where needed. The issue of class effect of different Ig
preparations will be discussed. To date, switching brands during
shortages or because of tender systems does not seem to have had
clinically relevant effects on efficacy. However, the spectrum of
side effects may differ from brand to brand, according to route of
application, infusion rates, different dose levels, and the underly-
ing disorder. In addition, product switching complicates exposure
tracking in the event of a contamination incident, and alters the
donor exposure profile of individual patients. Thus, dosing rec-
ommendations might have to be adjusted for certain diseases on
the basis of effectiveness, safety profiles, and possibly in future on
the basis of validated individual biomarkers and clinical outcome.
Switching from IVIG to SCIG in the case of chronic disor-
ders has been the topic of recent research given similar efficacy to
IVIG infusions, the lower incidence of systemic side effects, a lack
of “wear-off” effect, improved health-related quality of life, better
treatment satisfaction, and faster functional recovery with less time
off work are frequently quoted advantages of SCIG (4, 5). The pos-
sible pharmacoeconomic benefits of SCIG are beyond the scope
of this review, especially considering the various health/insurance
systems and the varying prices of SCIG and IVIG in the different
European countries. In general, switching from IVIG to SCIG in
Europe is done in a dose-equivalent manner and not performed
with a dose adjustment coefficient (DAC) as applied in the USA
(~150%) (6, 7). As no official guidelines require a DAC in Europe
(coreSPC, see below) additional product costs do not incur. The
efficacy of DAC vs. dose-equivalent switch is a matter of ongoing
debate and may require more long-term data.
As all authors of this review build on a long-standing pro-
fessional experience in Europe, the current dosing recommenda-
tions reflect European practice, which has grown historically and
encompasses recommendations from learned societies, national
recommendations, European recommendations (8), and the Euro-
pean Medicines Agency (EMA). In the next section, the regulatory
framework and the historical development of the EU recommen-
dations will be briefly outlined without elaborating on subtle
differences to American, Canadian, and Australian guidelines.
REGULATORY FRAMEWORK
Three main bodies regulate blood products in Europe:
• the European Directorate for the Quality of Medicines and
Healthcare (EDQM), which provides standardization of quality
control of medicines as elaborated in the European Pharma-
copeia; it also co-ordinates the network of the Official Medicines
Control Laboratories (OMCL),
• the EMA, which evaluates marketing authorization or vari-
ation applications for medicinal products within the EU in
the so-called centralized procedure (CP); it composes Inves-
tigational Guidelines for clinical trials and core Summary of
Product Characteristics (coreSPCs), i.e., templates for Product
Information leaflets), and
• the Heads of Medicines Agencies (HMA), which is network of
the heads of the National Competent Authorities (NCA) whose
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organizations are responsible for the regulation of medicinal
products for human use in the European economic area (EEA)
in so-called mutual recognition (MR) or decentralized (DC)
Procedures.
In 1994, the criteria for investigating IVIG in clinical trials
were laid out in the “Guideline to assess efficacy and safety of
normal intravenous immunoglobulin products” (CPMP/388/95)
and a core Summary of Product Characteristics (coreSPC;
CPMP/BPWG/859/95) encompassing “well established” indica-
tions for IVIG was proposed (see Table 1). These“well established”
indications were based on certain pivotal studies and the doses
administered therein; they became the cornerstone for the dosing
recommendations in the coreSPC.
In 2000, analogous documents (investigational Guideline
and coreSPC) were devised for subcutaneous and intramus-
cular immunoglobulin products (CPMP/BPWG/283/00 and
CPMP/BPWG/282/00).
Over the years, these documents have undergone a number
of revisions in order to encompass the developments in medical
research and practice.
The current European Investigational Guideline and core-
SPC for IVIG are undergoing a revision process (for Concept
Paper see: http://www.ema.europa.eu/docs/en_GB/document_
library/Scientific_guideline/2014/08/WC500170555.pdf )
The revision of Investigational Guideline and the coreSPC
for SCIG is near completion: http://www.ema.europa.eu/docs/en_
GB/document_library/Scientific_guideline/2012/12/WC5001357
05.pdf and http://www.ema.europa.eu/docs/en_GB/document_
library/Scientific_guideline/2012/07/WC500130466.pdf
In the EU three IVIG and two SCIG preparations have been
centrally authorized (CP procedure)1 and five IVIG and two
SCIG brands were granted authorization via the MR- or DC-
procedures2. In addition, some European countries will have
nationally authorized products.
Several National Guidelines consider neuroimmunological dis-
eases such as Guillain–Barré syndrome (GBS), chronic inflam-
matory demyelinating polyneuropathy (CIDP), multifocal motor
neuropathy (MMN), myasthenia gravis (MG), and others as
high to medium priority immunomodulatory indications for
IVIG/SCIG use [Ref. (8); supporting information Table 2].
Progress in this field will be discussed as well as changing high-
priority indications in pediatric AIDS, feto-neonatal alloimmune
thrombocytopenia (FNAIT), and dermatological indications.
Owing to space limitations the majority of the medium
and low-priority indications [Ref. (8); supporting information
Table 2] were not included in this review.
REPLACEMENT THERAPY
PRIMARY IMMUNODEFICIENCY SYNDROMES (PID)
In 1952, Colonel Ogden Bruton (9) noted the absence of serum Ig
in an 8-year-old boy with a history of pneumonia and other bacte-
rial sino-pulmonary infections. Bruton was also the first physician
1http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/landing/epar_
search.jsp&mid=WC0b01ac058001d124
2http://mri.medagencies.org/Human/
Table 2 | Abbreviations used in the text.
BMT Bone marrow transplantation
BPWP Blood products working party
BWP Biologics working party
CHMP Committee for medicinal products for human use
CIDP Chronic inflammatory demyelinating
polyradiculoneuropathy
CLL Chronic lymphocytic leukemia
CMD-human Co-ordination group for MR- and DC-procedures
CMS Concerned member states
CMV Cytomegalovirus
CoE Council of Europe
coreSPCs Core summaries of product characteristics
CP Centralized procedure
DCP Decentralized procedure
EDQM European Directorate for the Quality of Medicines and
Healthcare
EEA European economic area
EMA European medicines agency
EU European union
FNAIT Fetal neonatal alloimmune thrombocytopenia
GBS Guillain–Barré syndrome
GvHD Graft vs. host disease
HMA Heads of medicines agencies
HSCT Hematopoietic stem cell transplantation
ITP Idiopathic thrombocytopenic purpura
IVIG Intravenous immunoglobulin
KD Kawasaki’s disease
MM Multiple myeloma
MMN Multifocal motor neuropathy
MRP Mutual recognition procedure
NCA National competent authorities
OMCL Official medicines control laboratories
PE Plasma exchange
PAD Primary antibody deficiency
PID Primary immunodeficiency syndromes
PK Pharmacokinetic
PRAC Pharmacovigilance risk assessment committee
RMS Reference member state
RBC Red blood cell
SBI Severe bacterial Infections
SCIG Subcutaneous immunoglobulin
SID Secondary immunodeficiency syndromes
to provide specific immunotherapy for this X-linked disorder by
initially administering 3.2 g of IgG subcutaneously. Assuming an
approximate weight of an 8-year old to be 30 kg, this dose would
correspond to 0.1 g/kg. This dosing was taken into the coreSPC,
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but is currently considered within the low range of the recom-
mended weekly dosing for SCIGs (0.1 g/kg–0.2 g/kg/week) or the
monthly dosing of IVIG (0.4 g/kg–0.8 g/kg/month).
Current IVIG coreSPC indication and dosing:
Primary immunodeficiency syndromes with impaired antibody production
The recommended starting dose is 0.4–0.8 g/kg given once, followed by at
least 0.2 g/kg given every 3–4 weeks.
The dose required to achieve a trough level of 5–6 g/l is of the order of
0.2–0.8 g/kg/month. The dosage interval when steady state has been
reached varies from 3-4 weeks. Trough levels should be measured and
assessed in conjunction with the incidence of infection. To reduce the rate
of infections, it may be necessary to increase the dosage and aim for
higher trough levels.
Current draft SCIG coreSPC indication and dosing:
Primary immunodeficiency syndromes with impaired antibody production
The dose regimen should achieve a trough level of IgG (measured before
the next infusion) of at least 5-6 g/l and aim to be within the reference
interval of serum IgG for age. A loading dose of at least 0.2-0.5 g/kg (10-40
ml/kg) body weight may be required. This may need to be divided over
several days, with a maximal daily dose of 0.1-0.15 g/kg)
After steady state IgG levels have been attained, maintenance doses are
administered at repeated intervals (approximately once per week) to reach
a cumulative monthly dose of the order of 0.4-0.8 g/kg. Each single dose
may need to be injected at different anatomic sites.
Trough levelsa should be measured and assessed in conjunction with the
incidence of infection. To reduce the rate of infection, it may be necessary
to increase the dose and aim for higher trough levels.
aN.b:Trough levels can be measured for a facilitated SCIG given every 3-4 weeks
and for a normal SCIG given at biweekly-weekly intervals; however, in clinical
practice SCIG products are sometimes given at even shorter intervals - in these
cases the term "trough level" would not capture the fact that what is actually being
measured is the mean level.
Recent developments in Ig replacement therapy of PID
The demonstrated success of Ig prophylaxis via the intravenous
route depends predominantly on maintaining an adequate pro-
tection against infections. According to international guidelines
the Ig monthly dose of 300–600 mg/kg body weight should be
administer intravenously every 3 or 4 weeks and subcutaneously
once/twice a week (10–13). The trend over the past years has been
to increase the monthly cumulative doses (14–17). This general
rule might not be optimal for all patients affected by primary
antibody deficiencies (PAD) due to high clinical and immuno-
logical heterogeneity of the underlying diseases. A recent paper
(18) analyzed the clinical presentation, association between clini-
cal features, and differences and effects of Ig treatment in a large
series of European patients affected by common variable immun-
odeficiency disorders (CVID), the most common symptomatic
PAD. Different treatment strategies applied in Europe resulted
in considerable differences in Ig dosing, ranging from 0.13 up
to 0.75 g/kg/month. This and previous studies suggested that a
correlation between patients’ antibody levels and clinical effects:
patients with very low-trough levels of <4 g/l had poor clinical
outcomes (15, 16, 19) whereas higher trough levels were associated
with a reduced frequency of serious bacterial infections.
Thus, the aim should be to maintain an individual’s effec-
tive antibody level and not to establish a universally defined
immunoglobulin monthly dosage. Consequently, almost all recent
studies on Ig replacement advocate that the treatment strategies
should be individualized not only in terms of dosages but also
with regard to treatment schedules including intervals between
administrations and routes of administration (20–23). Milito et al.
(24) have recently demonstrated that in PAD patients with fewer
disease-associated complications the IVIG replacement could be
administered with the widely used interval of 3 or 4 weeks, even
administering low-IVIG replacement dosages. On the other hand,
in patients with bronchiectasis and enteropathy and a severe
immunological phenotype with IgG trough levels<500 mg/dl, IgA
<7 mg/dl, absent response to polysaccharides, and low-switched
memory B cells (<2%) the protective effect might be achieved
by lowering the interval between administrations to 2 weeks
and in few cases to 1 week, without increasing the cumulative
monthly Ig dosage (19). Alternatively, patients with severe clin-
ical and immunological phenotypes might be treated with higher
Ig dosages at an interval of 3–4 weeks. The need to elucidate the
effects of therapy on patient outcomes might allow identification
of what works best in which setting and under what conditions (25,
26). Health care delivery systems are quickly changing in response
to economic pressure and concerns about quality of care emerge.
The system of care is itself an important determinant of patient
outcomes. The promise of individualized medicine has launched
a huge research enterprise to explore the personal characteristics
that influence responses to therapy.
The pharmacokinetics (PK) of IgG and specific antibodies
exhibited a different half-life in patients treated at different inter-
vals between infusions (26). Trough levels of the lowest specific
antibody concentrations rise if regular infusions are given and the
actual trough levels in a regularly infused patient are likely to be
higher than the levels of specific IgG measured by ELISA in the
IVIG preparations (27, 28).
The clinical relevance of regular application of Ig has been
underlined by the finding that an important determinant of the
efficacy of Ig prophylaxis is the length of time an individual
spends with a lower IgG level a situation, which is minimized
by subcutaneous therapy (29). This time is more dependent on
the patient’s IgG half-life and the frequency of dosing than on
the dose of Ig infused. In clinical practice, it would be ideal to
perform a PK study in all patients. However, this would require
a significant commitment in time and costs from the patient
and the treating physician. This practical drawback has limited
the use of PK information in clinical practice. Different alter-
native options have been attempted. The Oxford approach, for
example, based on monitoring break-through infections, was to
increase the IVIG dose by 0.15 g/kg/month when patients present
with a serious infection, or three or more moderate infections
over a year (17). This recommendation could be an alternative
for patients who have persistent infections; although other fac-
tors such as protein loosing conditions, airway and intestinal
inflammation, need to be assessed when defining an individual
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Ig treatment schedule as the Oxford approach related treatment to
CVID phenotype (17). Moreover, in PAD, several lines of experi-
mental evidence gathered recently (30–32) provided a basis for an
active role for IVIG in immunomodulation beside the main role
to replace the missing antibodies. Ig has such a role in regulating
autoimmune and inflammatory responses through modulating B
and other cells functions (8). These new findings might help to
explain the different results found in trials aimed at establishing
the clinical outcome of Ig replacement in PAD patients. It is pos-
sible that some of the positive effects observed in patients treated
with higher doses are not dependent only on the prophylactic
role of Igs but also on their anti-inflammatory ones. In con-
trast to subcutaneous administration, intravenous administration
might allow maintenance of the protective and immunomodula-
tory effects due to the serum IgG peak reached at the time of each
administration.
Methods to improve IgG recovery and increase productivity
have been implemented in the last few years as a response to grow-
ing clinical demand for therapeutic Igs (27). Any effects of major
changes in the Ig production should be assessed in clinical and
drug surveillance studies.
In addition, approval has been granted for
• high-concentration formulations of IVIG and SCIG prepara-
tions (27, 29, 33),
• rapid push administration (34),
• one SCIG product (Hyqvia) combined with the prior use of a
spreading factor (hyaluronidase), thus, allowing for 3–4 weekly
intervals (current indication excludes children<18 years) (35)3,
and
• one SCIG product (Hizentra) where modeling and simulation
approaches were applied that led to comparable IgG exposure
levels if the product were to be administered every 2 weeks using
double the weekly dose during maintenance therapy (21, 22)4.
SCIG studies in PID
A recent evidence-based review article (36), comparing IVIG and
SCIG administration in PID and SID patients, encompassed 25
studies (in PID patients 2/25 studies were randomized and 17 non-
randomized; for SID patients 1/25 studies was non-randomized
and 5/25 were health economic studies). Of the studies that men-
tioned specific products, eight used an SCIG from CSL-Behring,
seven a product from Baxter, and two a product from Grifols.
Only 3/25 studies reported severe bacterial infections (SBI) as
their primary outcome of interest for both SCIG and IVIG; no
SBI occurred in these studies. In a total of five studies, the annual
number of infections was investigated and no difference found
between the two routes of administration; however, the definitions
of infections were fairly heterogeneous. Higher IgG trough levels
were found with SCIG substitution. No serious adverse events
were reported in five trials that investigated this parameter, how-
ever, here again definitions and inclusion/exclusion criteria varied.
3http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/
medicines/002491/human_med_001647.jsp&mid=WC0b01ac058001d124
4http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/
medicines/002127/human_med_001440.jsp&mid=WC0b01ac058001d124
Minor adverse events, consisting of local symptoms were usu-
ally mild and more frequent with SCIG substitution, as would
be expected of this modality. Four studies investigating health-
related quality of life showed improvement when patients switched
from hospital-based IVIG to SCIG substitution at home. Of the
5/25 studies that evaluated health economics, 4 found that SCIG
administration was considerably more cost effective in compari-
son with IVIG substitution, whereas one older study did not show
this gain.
The authors caution the reader that for most efficacy and safety
parameters measured in the studies the value of evidence was low
and that with regard to the pharmacoeconomic evaluation due to
the differences in the health care and insurance systems in the dif-
ferent countries the results cannot be generalized. They conclude
that good studies comparing IVIG to SCIG are lacking, but it is
possible to state that SCIG is safe and efficacious and at least non-
inferior to IVIG. They also view the issue of switching from IVIG
to SCIG as not yet solved.
SECONDARY IMMUNODEFICIENCY SYNDROMES (SID)
Patients with secondary immunodeficiency are a continuously
increasing heterogeneous group (36, 37). Recommendations for
treatment of antibody deficiency associated with lymphoid malig-
nancies [e.g., CLL, multiple myeloma (MM)], post-hematopoietic
stem cell transplantation (HSCT), or HIV are referred to in core
SPCs, which require critical updates. Those SIDs due to med-
ications [e.g., anticonvulsants, anti-rheumatics, MAbs (e.g., anti-
CD20), chemotherapy, immunosuppression] may be suspected
from the patient’s medical history although usually only a subset
of patients develops signs of SID.
SID patients are often less well defined than PADs as the diag-
nosis relies only on serum Ig levels rather than proven antibody
failure, but their clinical importance is recognized increasingly.
In this section, findings in patient groups, including those not
included in the core SPC, are discussed.
Patients with SID are unduly susceptible to different types of
pathogens depending on the type of SID: viral and/or oppor-
tunistic infections are common in patients with non-functional
or absent T-cells while bacterial infections predominate in anti-
body failure syndromes. Severe life-threatening infections affect
the respiratory or gastrointestinal tracts though chronic infections
of prolonged duration also occur with agents of low pathogenic-
ity (38, 39). These infections are an important cause of morbidity,
mortality, hospital admissions, and intensive care treatment in this
group of patients. The following discussion relates largely to anti-
body failures secondary to therapy or disease that maybe amenable
to treatment with Ig replacement therapy.
Numerous studies in patients with lymphoid malignancies
have shown beneficial effects of IVIG, resulting in fewer infec-
tious episodes, reduced use of antibiotics, shorter hospital stay but
no difference in overall mortality. Most of these studies report
on patients in chronic state of disease, treated with IVIG doses
comparable to patients with PAD.
Chronic lymphocytic leukemia (CLL)
In 1988, the Cooperative Group for the Study of Immunoglobulin
in CLL published the results of a double-blind, placebo-controlled
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study (40) in 81 CLL patients (with 50% lower than normal
IgG levels and a history of >1 serious infection since onset
of the illness). Those patients who received immunoglobulin
therapy (0.4 g/kg every 3 weeks for ~1 year) had significantly fewer
bacterial infections compared to those in the placebo group.
Current IVIG coreSPC indication and dosing:
Hypogammaglobulinaemia and recurrent bacterial infections in patients
with CLL, in whom prophylactic antibiotics have failed.
The recommended dose is 0.2–0.4 g/kg every 3–4 weeks.
Current draft SCIG coreSPC indication and dosing:
Hypogammaglobulinaemia and recurrent bacterial infections in patients
with CLL, in whom prophylactic antibiotics have failed or are
contra-indicated.
For dosing see PID/SCIG above.
Following the original multi-center, randomized, placebo-
controlled study (40) that resulted in inclusion in the coreSPC,
the protective effect of IVIG in CLL and low-grade non-Hodgkin’s
lymphoma was confirmed by a 2 year, placebo vs. Ig cross-over
study (41); in this study, serious bacterial infections correlated
with low-serum IgG levels (<6.4 g/l) (41). Along the same line
Boughton et al. (42) noted that 10 patients (24%) with IgG levels
<3.0 g/l experienced 65% of infections in the whole CLL group.
In view of newer treatments for CLL, studies on frequencies of
bacterial infections before and after treatment with fludarabine,
anti-CD20, or BTK inhibitors will be important. Such studies need
to include documentation of IgG levels and specific antibody titers
following test immunization.
Antibody deficiency, for which hypogammaglobulinemia is a
surrogate, is the most important risk factor for bacterial infections;
furthermore, antibody failure, as shown by test immunization, can
occur in the absence of hypogammaglobulinemia (43). Failure to
respond to test immunization with approved, killed vaccines is the
most reliable indicator though absence of circulating antibodies
after documented infections, such as HSV or VZV, are also help-
ful. Test immunizations in CLL patients have shown poor IgG
responses against a range of antigens, including polysaccharide
vaccines or conjugate pneumococcal vaccines (44). Whether those
patients that do produce antibodies are even protected against
bacterial infections is not clear due to lack of clinical trials (45).
At present most guidelines use serum IgG levels in SID but logic
requires test immunizations of patients (one protein and one poly-
saccharide vaccine) rather than relying on previous infections or
surrogate markers.
Data from the original trials (40, 41) showed that starting doses
of IVIG used in PAD (0.4 g/kg/month) were protective against
bacterial infections in patients with low-serum IgG levels. Protec-
tion at a lower dose of IVIG (0.3 g/kg/month) was confirmed by
Molica et al. (46) in a cross-over study in which 42 patients with
serum IgG levels<6 g/l and/or a history of severe infection received
either IVIG (0.3 g/kg/month) or standard care for 12 months and
then crossed over to the alternative regime. Jurlander et al. (47)
showed that 15 patients with low-serum IgG receiving 10 g IVIG
every 3 weeks (0.2 g/kg/month) had reduced hospital admissions
for infections and significantly reduced febrile episodes although
neither were totally abolished.
Multiple myeloma (MM)
In 1994, Chapel et al. published a study on IVIG as a prophylaxis
in 83 patients with stable MM (48). As in the case of CLL, the
administration of IVIG (0.4 g/kg every 4 weeks for 1 year) led to
significant reduction in life-threatening infections compared to
placebo.
Current IVIG coreSPC indication and dosing:
Hypogammaglobulinaemia and recurrent bacterial infections in plateau
phase MM patients who have failed to respond to pneumococcal
immunization.
The recommended dose is 0.2–0.4 g/kg every 3–4 weeks.
Current draft SCIG coreSPC indication and dosing:
Hypogammaglobulinaemia and recurrent bacterial infections in MM
patients
For dosing see PID/SCIG above.
The randomized placebo-controlled multi-center study in
plateau-phase MM patients given IVIG 0.4 g/kg monthly for
1 year showed significant reductions in frequency and severity
of infections (48). Fortunately, this trial included test immuniza-
tion with polysaccharide pneumococcal vaccine before starting
Ig therapy and benefit from IVIG was shown only in patients
who responded poorly to pneumococcal immunization and had
normal numbers of circulating neutrophils (48). Recently, anti-
body failure to a range of pathogens in MM and related con-
ditions has been confirmed (49) suggesting that IVIG therapy
may be justified. However, many newer treatment regimes in MM
use antibiotic prophylaxis and each patient should be consid-
ered primarily on an individual basis for Ig therapy until more
data is provided. Similar conclusions were drawn from a recent
systemic review and meta-analysis by Raanani et al. (50) sug-
gesting that IVIG cannot be recommended routinely for patients
with CLL or MM with hypogammaglobulinemia and/or recur-
rent infections; instead decisions should be made on an individual
basis.
Bone marrow transplantation
In 1990, Sullivan et al. (51) published the results of a double blind,
placebo-controlled study in 382 bone marrow transplant recip-
ients. The patients received placebo or 0.5 g/kg IVIG from day
−7 to day +90, and continued IVIG treatment on a monthly
basis until 1 year after transplantation. The endpoints were the
rate of interstitial pneumonia and acute Graft vs. Host Disease
(GvHD). Among the 61 cytomegalovirus (CMV) seronegative
patients, none contracted interstitial pneumonia and in the group
of 308 CMV positive patients the IVIG treated ones fared signifi-
cantly better. Acute GvHD was reduced in the IVIG treated patients
over 20 years of age but not in the younger age group.
In the initial coreSPC, the indication covered both GvHD and
infection prophylaxis (mainly for CMV infection) and was thus
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placed in the category of immunomodulation. However, a later
placebo-controlled, double-blind study by Cordonnier et al. (52)
and a meta-analysis on 30 trials including 4223 patients (53)
revealed that there was no benefit on survival and frequency of
infections while the risk of veno-occlusive disease (VOD) was
increased. Thus, after allogeneic HSCT IVIG is currently used as a
replacement therapy for hypogammaglobulinaemic patients with
secondary B cell deficiency (serum IgG< 4 g/l) and no longer for
GvHD.
The use of SCIG compared to IVIG has been studied in one
non-randomized, retrospective study in 58 children with pro-
longed hypogammaglobulinemia after HSCT. All children were
treated with IVIG and 12 continued on SCIG home treatment
(54). While being of equivalent efficacy to IVIG, SCIG showed
fewer side-effects and was the preferred treatment option.
Current IVIG coreSPC indication and dosing:
Hypogammaglobulinaemia in patients after allogeneic haematopoietic
stem cell transplantation (HSCT).
The recommended dose is 0.2–0.4 g/kg every 3–4 weeks.
Hypogammaglobulinaemia in patients requiring allogeneic hematopoietic
stem cell transplantation (HSCT).
For dosing see PID/SCIG above.
Congenital AIDS
In the late 1980s, the US National Institute of Child Health
and Human Development (NICHHD) performed a double blind,
placebo-controlled, multi-center IVIG study in 372 children with
symptomatic HIV infection (55). The children were given 0.4 g/kg
every 4 weeks. Median follow-up time was 17 months. The results
showed that for children with CD4+ T-cell entry values >200/ml
the time free of serious bacterial infection increased, serious and
minor infections were reduced, as were the number of hospital-
izations. However, there was no survival advantage for the IVIG
group.
A further double blind, placebo-controlled IVIG study in 255
children with AIDS was published in 1994 (56). All children had
received 180 mg/m2 of zidovudine. The IVIG dose was 0.4 g/kg
every 4 weeks. Patients were stratified according to their history
(>1 serious bacterial infection), previous zidovudine treatment,
and trimethoprim–sulfamethoxazole (TMP–SMZ) prophylaxis
for Pneumocystis jirovecii pneumonia at entry. Median follow-
up time was 30.6 months. The children who were on IVIG
plus zidovudine and not receiving TMP–SMZ prophylaxis had
a reduced rate of serious bacterial infections. As currently an effi-
cient, highly active anti-retroviral therapy (HAART) is given to the
mothers prior to delivery the development of congenital AIDS and
pediatric HIV associated antibody deficiency is greatly reduced.
In these patients, IVIG treatment is medically necessary for the
prevention of bacterial infection when the following criteria are
met (A) diagnosis of HIV disease, (B) patient age ≤13 years, and
(C1) documented hypogammaglobulinemia or (C2) functional
antibody deficiency as demonstrated by pool specific anti-titers
(or recurrent bacterial infections). IVIG dose should not exceed
1.4 g/kg every 28 days. IVIG replacement therapy in HIV infected
children without antibody deficiency may not be necessary; indeed
it is even contra-indicated in the UK Guidelines.
Current IVIG coreSPC indication and dosing:
Congenital AIDS with antibody deficiency and recurrent bacterial infections.
The recommended dose is 0.2-0.4 g/kg every three to four weeks.
No current SCIG coreSPC indication or dosing under discussion.
Recent developments in Ig replacement therapy of SID
After anti-CD20 therapy. Anti-CD20 trials, however, have moni-
tored both circulating B cells and serum Igs and although originally
reduction of serum Igs was thought to be transient, some patients
continue to have hypogammglobulinaemia and accompanying
infections for prolonged periods possibly forever (57). In this
recent study from Sloan-Kettering involving patients with lym-
phoid malignancies, low-serum IgG levels were identified in 38.5%
(69/179) of patients after CD20 therapy, all of whom had normal
levels initially; the risk was greater in patients who received main-
tenance rituximab. In 14 patients of this subset, IVIG significantly
reduced the frequency of sino-pulmonary bacterial infection and
pneumonias (57). Likewise, monitoring serum IgG levels and B cell
numbers after anti-CD20 treatment in ANCA+ vasculitis is war-
ranted for recognition of SID (58, 59), which may require IVIG
replacement therapy.
After immunosuppressive regimes in solid organ transplanta-
tion. Floruesco et al. (60) discuss the impact of hypogamma-
globulinemia on the rate of infections and survival following
solid organ transplantation, in a meta-analysis that included 1756
patients from 18 studies. The study included patients with lung,
kidney, heart, and liver transplants. The rate of severe hypogam-
maglobulinemia (IgG< 0.4 g/dl) amounted to 15%; it signifi-
cantly increased the risk of CMV, fungal, and respiratory infections
and was associated with higher 1-year all-cause mortality as orig-
inally described by Rubin (61). Sarmiento et al. (62) looked at 75
patients post heart transplantation of whom 10 patients developed
CMV disease; those with a low-serum IgG level (IgG< 5 g/dl) were
at higher risk of reactivation of CMV disease; the authors recom-
mended CMV monitoring as a potential tool to recognize high-risk
patients (62). More recently, Carbone et al. (63) reported results
from 55 consecutive adult heart recipients who were subjected to
an immune monitoring including measurement of specific anti-
bodies and underwent IVIG therapy when SID was established.
Eighty five percent of severe infections occurred during the first
3 months and mean time to IVIG infusion was 2.47 months. IVIG
therapy resulted in improved specific antibody titers in the group
on replacement therapy and a significant reduction of bacterial
infections, in the substituted group of patients compared with 55
untreated patients.
During autoimmune diseases. An increased risk of invasive
pneumococcal disease has been demonstrated in a retrospective
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analysis of a cohort of systemic autoimmune diseases includ-
ing patients with SLE, rheumatoid arthritis, hemolytic anemia,
and Sjogren’s syndrome (37–39, 64). In a 10-year European study
of 1000 SLE patients 68 patients died (6.8%) and the most fre-
quent causes of death were similarly divided among active SLE
(26.5%), thrombosis (26.5%), and infections (25%), especially
in the first 5 years after diagnosis (65). Similar results have been
obtained in a multi-ethnic US cohort study: the 5-year mortality
was 11.8%, active SLE (41%), and fatal infections (32%) headed
the ranking (66). Infections were also frequent causes of increased
hospitalization (67). Prolonged hypogammaglobulinemia requir-
ing antibody replacement therapy occurred in 21% of ANCA+
vasculitis patients treated with cyclophosphamide followed by
rituximab (58).
Antibody failure due tomedications other than immunosuppres-
sants. It has been known for a long time that anticonvulsant
therapy with phenytoin or carbamazepine can cause low-serum
IgG levels and recurrent infections (68, 69). Recently, valproic acid,
a histone deacetylase (HDAC) inhibitor, has also been demon-
strated to inhibit early B cell differentiation and activation (70)
leading to hypogammaglobulinemia. Few studies performed in
small patient groups with SID due to immunosuppressive med-
ication or chemotherapy also demonstrate beneficial effects of
IVIG treatment. However, robust studies looking on clinical out-
come are lacking, not least as prophylactic antibiotics are used as
standard measure in many centers.
Most studies in SID conditions such as CLL, MM, solid organ
transplantation, and autoimmune diseases have been performed
in chronic, stable disease with 0.3–0.4 g/kg IVIG every 3–4 weeks.
Outcome in patients with antibody deficiency, with or without
low-serum IgG levels as well as episodes of severe – potentially
lethal – infection have to be included in the analysis (37–39).
Present research in translational medicine including PID aims at
early diagnosis to identify patients before the first (potentially life
threatening) infectious complications and this applies to SID as
well. Further clinical trials have been recommended in patients
with SID. Patient selection in such studies will be critical and only
test-immunized patients with proven antibody deficiency should
be entered (one T dependent vaccine – usually tetanus toxoid is
used since the assay is reliable and available in immunology lab-
oratories and one T-independent vaccine – either pneumovax or
polysaccharide Salmonella vaccine – both with reliable assays as
used in PIDs). IVIG should be given early on during the course of
an aggressive immunosuppressive therapy since lethal infections
often occur at this stage.
IMMUNOMODULATORY THERAPY
IDIOPATHIC THROMBOCYTOPENIC PURPURA
In 1981, Paul Imbach and colleagues (71) treated 13 children with
idiopathic thrombocytopenic purpura (ITP) (6 with acute and
7 with chronic forms of ITP, platelets counts <30,000/µl) with
0.4 g/kg/day IVIG for 5 days and could demonstrate a normal-
ization of platelets counts (150–600× 103/µl) in 12/13 children
within 5 days. However, the effect was transient as platelets fell to
80–400× 103/µl during the following 10 days.
In the years after this study, various trials followed in adults with
ITP – also comparing IVIG to prednisone. In a study by Blanchette
et al. (72), a reduced dose of 0.8–1.0 g/kg was given on day 1. If 48–
72 h later platelet counts remained at values≤20× 103/µl a second
IVIG dose was recommended. Although this protocol proved to
be equally efficacious as the original of Imbach et al. (70), it was
the latter one that set the stage for the regulatory adoption of the
dosage regimen in ITP and other “immunomodulatory settings”
for years to come.
In 2009, the International Working Group (73) standardized
the terminology, definitions, and outcome criteria for clinical tri-
als in ITP, which in turn was taken on board during the IVIG
guideline and coreSPC revision process.
Current IVIG coreSPC indication and dosing:
Primary immune thrombocytopenia (ITP), in patients at high risk of
bleeding or prior to surgery to correct the platelet count.
There are two alternative treatment schedules:
0.8–1 g/kg given on day one; this dose may be repeated once within 3 days
0.4 g/kg given daily for 2–5 days.
The treatment can be repeated if relapse occurs.
No current SCIG coreSPC indication or dosing under discussion.
Recent developments in ITP research
Treatment options in ITP vary with patient age (childhood vs.
adults) and diagnostic status (newly diagnosed, persistent for
3–12 months, chronic beyond 12 months, or secondary to other
diseases) (74, 75). Notably, in newly diagnosed ITP of childhood
(<18 years) the standard of care is still IVIG at a total dose of 0.8–
1.0/kg given on 1 or 2 consecutive days. In IVIG non-responders,
the results can be improved by adding 20 mg/kg methylpred-
nisolone during day 1–3 (75). In a prospective randomized trial,
a 2 g/kg total dose IVIG was clearly more effective than 50 or
75µg/kg anti-D as first-line treatment in childhood ITP (76).
Interestingly, individual cases of successful treatment with very
low-IVIG doses (100 or 200 mg/kg) imposed by economic con-
straints have been reported (77, 78). These observations warrant a
systematic evaluation of an up-scaling protocol starting with doses
of 0.2–0.4 g/kg IVIG. In a study from Thailand (a developing coun-
try), cost effectiveness of IVIG in childhood ITP has been proven,
as compared to standard treatment of thrombocyte transfusions,
corticosteroids plus immunosuppressants (79). On the other hand,
health economic studies from Canada and Ireland show for adult
chronic ITP patients that romiplostim, a thrombopoietin recep-
tor agonist, seems to compare favorably with standard treatment
including IVIG (80, 81).
A general observation throughout all ITP studies is an IVIG
response rate of 60–75% in newly diagnosed childhood ITP. Hope-
fully, new biomarkers may in future be able to identify early on
IVIG responders from non-responders. Thus, a recent study by
Morimoto et al. (82) indicates that patients with WBC count
<7.0× 109/l had a lower probability of thrombocytopenia-free
survival (41 vs. 77%, P = 0.003) and a higher rate of progression
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to chronic ITP (29 vs. 6%, P = 0.040) than those with WBC count
≥7.0× 109/l. These results suggest that ITP with lower WBC count
may represent a distinct subgroup requiring early on additional
or other treatments than IVIG [e.g., rituximab (83)]. Similarly,
in adults with ITP, the presence of anti-GPIb-IX auto-antibodies
is a predictor for poor response to IVIG treatment: only 36.4%
responded as compared to 80% of anti-GPIb-IX negative ITP
patients (84). Less promising results came from studies correlating
FcγRIIa and FcγRIIIa polymorphic variants to IVIG responsive-
ness and outcome (85): while the high-affinity FcγRIIIa variant
158V is possibly implicated in the pathogenesis of ITP, FcγRIIa
(131R), and FcγRIIIA (158V) variants do not seem to impact on
chronicity and therapeutic efficacy of IVIG, although studies on
such correlations are underway. In this respect, it is interesting that
the expression of an open-reading frame for the activating FcγRIIc
(instead of the more common, non-expressed pseudogene) also
seems to predispose to ITP (86).
KAWASAKI DISEASE
Kawasaki disease (KD) is an acute self-limiting inflammatory
disorder of children, associated with vasculitis, affecting predom-
inantly medium-sized arteries, particularly the coronary arteries.
In 1984, Furusho et al. (87) treated 93 patients with KD [45
with acetylsalicylic acid (ASA) and 40 with ASA+ IVIG] at a
dose of 0.4 g/kg/day for 5 day. They observed a greater percentage
of patients with coronary artery lesions in the ASA-alone group
compared to the combined therapy (42 vs. 15%).
In 1991, Newburger et al. (88) treated 276 KD patients with
ASA and IVIG 0.4 g/kg/day for 4 day vs. 273 ASA+ IVIG 2 g/kg
(given once). The rational to choose 2 g/kg (and not 1.6 g/kg) for
the single dose was that serum IgG concentration on day 4 of the
0.4 g/kg× 4 day regime would be approximately the same. It was
shown that the single large dose was more effective than the con-
ventional regimen and equally safe. Both dosing possibilities were
taken into the coreSPC (0.4 g/kg/day IVIG for 5 day+ASA and
IVIG 2 g/kg+ASA).
Current IVIG coreSPC indication and dosing:
Kawasaki disease.
2.0 g/kg as a single dose is the recommended treatment worldwide.
Patients should receive concomitant treatment with acetylsalicylic acid.
No current SCIG coreSPC indication or dosing under discussion.
Recent developments in KD research
The etiology of KD is still unknown. It is assumed that uniden-
tified infectious agents trigger a strong, self-limiting inflamma-
tion in genetically susceptible hosts. Numerous studies have been
undertaken to identify susceptibility genes for KD as well as for
resistance to IVIG treatment. Polymorphic variants of FCGR2A,
CD40, ITPKC, FAM167A-BLK, and CASP3 have been shown to
be associated with KD (89). Similarly, gene copy number (GCN)
variants of FcγR2c and FcγR3b were significantly associated with
KD susceptibility and seem to influence also the IVIG treatment
response (90) as does the increased expression of IL-1 pathway
genes (91). Recently,Ogata et al. (92) found that sialylation levels of
therapeutic IVIG are unrelated to treatment response whereas low
sialylation of endogenous IgG and low-serum β-galactoside:α2-6
sialyltransferase-I (ST6Gal-I), ST6GAL1 RNA, and enzyme levels
predict therapy resistance. As the authors compare only 10 IVIG
responders to 10 non-responders their findings have to be met
with great caution and need a rigorous confirmation.
The analysis of 3860 data sets from children with KD registered
in the Taiwan National Health Insurance Data Base focused on the
impact of different IVIG manufacturing procedures on the respon-
siveness in KD (93). They compared effects of β-propiolactone,
acidification,and IgA content. Whereasβ-propiolactone treatment
of Ig had a relative risk of 1.45 to confer IVIG non-responsiveness
and prolonged anti-platelet and anti-coagulants treatment, the rel-
ative risks for acidification and IgA content were non-significant in
this respect. These findings are difficult to confirm as IVIG treated
with β-propiolactone is no longer on the market.
On clinical grounds IVIG non-responders were shown to be
older, had >6 days fever before the initiation of IVIG therapy;
their serum levels of CRP, total bilirubin, lactate dehydrogenase
(LDH), and gamma-glutamyltranspeptidase (g-GT) were signif-
icantly higher (P = 0.002, P < 0.001, P < 0.034, and P < 0.038,
respectively), and their hemoglobin value was significantly lower
(P = 0.025) than in IVIG responders (94–96). The authors defined
the following predictors for IVIG non-responders: CRP level
>10 mg/l, LDH level>590 IU/l, and/or hemoglobin value<10 g/l
and suggested as escalating treatment options corticosteroids (97),
TNF blockers (89, 98, 99), or plasma exchange (100).
Until relatively recently, corticosteroids were considered poten-
tially detrimental in KD, as early studies showed an association
with worse outcome (101). However, it is likely that this at least in
part reflected an inadvertent selection bias, as those with more
severe KD received corticosteroids. Corticosteroids are recom-
mended as “rescue” therapy if there is no response to initial
infusion(s) of IVIG (102). More recently, the potential role of cor-
ticosteroids as adjunct primary therapy in addition to IVIG has
been addressed in randomized trials, either in unselected patients
or in those considered at particularly high risk of coronary artery
damage.
A multicenter, randomized, double-blind trial from the U.S.
assessed primary treatment with IVIG (2 g/kg) and aspirin with or
without a single dose methylprednisolone (30 mg/kg) in 199 uns-
elected children. Addition of a single steroid dose to conventional
therapy did not improve coronary artery outcomes (103).
A more recent prospective randomized, open-label, trial in
Japan enrolled only those assessed by a locally derived risk score as
being at particularly high risk of coronary damage (104). Patients
were randomized to a prolonged course of intravenous followed
by oral prednisolone (or placebo), in addition to standard ther-
apy with IVIG (2 g/kg) and aspirin. Coronary artery outcomes
during the 4-week study period were significantly better in the
corticosteroid group. However, the generalizability of these find-
ings is uncertain; in particular, the scoring system on which
selective recruitment was based does not perform well in non-
Japanese patients (105, 106). As approximately three-quarters of
KD patients were excluded, as they did not meet enrollment crite-
ria [including those with coronary artery dilatation at presentation
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(104)], it remains unclear whether this corticosteroid regimen
would benefit KD patients more broadly. Moreover, the prolonged
intravenous course of corticosteroids would itself incur signifi-
cant additional costs by prolonged admission and potential side
effects (105).
GUILLAIN–BARRÉ SYNDROME
In the late 1990s, the indication GBS was taken on board the
coreSPC as a new “established indication” after a prior authoriza-
tion of a product specific indication within a variation procedure.
The variation procedure showed that the data were mainly based
on three published studies which each used different Ig prod-
ucts but revealed similarly efficacious outcomes with regard to
decrease in disability grading when compared to plasma-exchange
(PE) – the standard therapy at the time (107–109). In the stud-
ies by van der Meché (107) and the GBS Trial Group (109),
the dosing was 0.4 g/kg× 5 day and in the study by Bril et al.
(108) 0.5 g/kg× 4 day. The dosing taken into the coreSPC was
0.4 g/kg× 5 day.
Current IVIG coreSPC indication and dosing:
Guillain–Barré syndrome.
0.4 g/kg/day over 5 days.
No current SCIG coreSPC indication or dosing under discussion.
Recent developments in GBS research
Guillain–Barré syndrome is characterized by several subtypes
(110). The most common form, acute inflammatory demyeli-
nating polyneuropathy (AIDP), is characterized by segmental
demyelination in peripheral nerves with acute flaccid paralysis.
An axonal variant without demyelination either in the form of
acute motor axonal neuropathy (AMAN) or acute motor and sen-
sory axonal neuropathy (AMSAN) have been distinguished from
AIDP. The Miller Fisher syndrome (MFS) variant is defined by
the clinical triad of ophthalmoplegia, areflexia, and ataxia. High
titers of anti-ganglioside IgG auto-antibodies have been described
in GBS: anti-QD1a/Anti-GM1 IgG in AMAN, and Anti-QD1b IgG
in MFS. Antecedent infections (Campylobacter jejuni, Mycoplasma
pneumoniae, or EBV) support the hypothesis of a “carbohydrate
mimicry” driven immunopathogenesis.
N-glycosylation of the Fc-portion of serum IgG was investi-
gated in patients with GBS before and after treatment with IVIG
in relation to clinical course and outcome (111). Treatment-naive
GBS patients compared with age- and sex-matched controls had
lower levels of galactosylation of IgG1 and IgG2. IVIG prepara-
tions contained relatively high levels of galactosylated and sialy-
lated IgG Fc glycoforms compared with serum IgG in patients.
Treatment with IVIG resulted in an increase in serum of the Fc-
galactosylation and -sialylation of both IgG1 and IgG2. Multiple
logistic regression analysis showed that patients with persistent
low-IgG galactosylation and sialylation despite IVIG treatment
had the most severe forms of GBS and needed ventilator support
more often.
Guillain–Barré syndrome normally runs a monophasic disease
course and immunomodulatory treatment is only needed during
the acute phase of the disease. PE and IVIG are both proven to be
equally effective in GBS, while corticosteroids do not confer any
benefit (112–114).
The empirical dose of IVIG is 0.4 g/kg/day for 5 days, which
is based on practice in other autoimmune diseases. In a small,
randomized trial including 39 GBS patients, treatment with
0.4 g/kg/day for 3 or for 6 days was compared. In patients receiv-
ing six treatments, there was a non-significant trend toward a
better outcome. This finding became significant in ventilated
patients (115). In another randomized, open trial with 51 chil-
dren with GBS 1.0 g/kg/day IVIG for 2 days was compared with
0.4 g/kg/day for 5 days, giving the same total dose to each (116).
There were no significant differences in the primary or secondary
outcome measures except that early relapses were significantly
more common after the 2-day (5/23) than the 5-day regimen
(0/23; P = 0.049) In one study, including 50 GBS patients, the total
dose of 2 g/kg was given over 4 days and compared with plasma
exchange. Both treatments were equally effective; IVIG had less
adverse events (108).
Interestingly, the increase in serum IgG (∆IgG) 2 weeks after
IVIG treatment varied considerably (mean 7.8 g/l SD 5.6 g/l).
Patients with low-∆IgG recovered significantly more slowly and
fewer could walk unaided at 6 months (log-rank P < 0.001) (117).
In the latest Cochrane Review of seven trials with a variable
bias risk, IVIG was compared with PE in 623 severely affected
participants. In five trials with 536 participants for whom the
outcome was available, the mean difference of change in a seven-
grade disability scale after 4 weeks was not significantly differ-
ent between the two treatments (118). The authors concluded
that IVIG when started within 2 weeks of disease onset hastens
neurological recovery as much as PE. Adverse events were not
significantly different with either treatment but IVIG was sig-
nificantly more likely to be completed than PE. IVIG following
PE did not provide significant additional benefit. GBS patients
receiving a combination of IVIG and glucocorticosteroids did not
recover faster than patients receiving IVIG alone (119) and adding
mycophenolate mofetil to a combined treatment with IVIG and
corticosteroids did not improve outcomes (120). In a small pilot
study, adding IFN-β1a to IVIG treatment did not contribute to a
better outcome (121).
Various studies have found that IVIG may be superior to PE,
especially in GBS patients with a preceding C. jejuni infection
and GM1 or GM1b auto-antibodies. However, none of these cor-
relations is strong enough to guide therapeutic decisions (122).
Clearly, more dose finding and biomarker research is warranted in
all forms of GBS including pediatric GBS.
CHRONIC INFLAMMATORY DEMYELINATING
POLYRADICULONEUROPATHY
Eight randomized controlled trials (RCT) including 332 CIDP
patients using different IVIG brands and comparing the effects
to either placebo, prednisone or PE showed that IVIG improves
disability short-term, in one large trial the benefit of IVIG per-
sisted for at least 24 weeks (123). Currently, five IVIG products
are licensed for CIDP either purely nationally or via the MR-
procedure in certain EU states or, in one case, centrally in the
entire EU.
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Product specific indication and dosing:
Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP)
For those IVIG products which have the indication CIDP, the dosing
generally consists of a loading dose at 2 g/kg (given over 2–5 days)
followed by maintenance doses of 1 g/kg (given over 1–2 days), cautioning
physicians that the duration of treatment beyond 24 weeks should be
subject to their discretion based upon the patient’s response and
maintenance response in the long-term and further that the dosing and
intervals may have to be adapted according to the individual course of the
disease.
No current IVIG/SCIG coreSPC indication or dosing available.
Recent developments in CIDP research
Chronic inflammatory demyelinating polyneuropathy is an
immune-mediated peripheral nerve disorder characterized by
motor and/or sensory symptoms and signs in more than one limb,
developing over at least 2 months. The disease runs a progres-
sive, relapsing-remitting, or monophasic course and can lead to
significant disability due to walking difficulties and loss of arm
dexterity. A diagnosis relies heavily on electrophysiological studies
that typically show evidence of conduction block and demyelina-
tion. Apart from the typical clinical picture, the EFNS/PNS CIDP
treatment guideline has defined several atypical CIDP phenotypes
of which the pure sensory form is most frequently occurring. The
atypical forms of CIDP may exhibit a different natural course and
treatment response (124).
The key mechanisms in the pathogenesis have not been iden-
tified although several studies have highlighted the role of T-
cells in CIDP and an important role for auto-reactive T-cell
responses against peripheral myelin antigens such as P0, P1,
P2, and peripheral myelin protein (PMP)-22 has been suggested
(125–130).
The short- and midterm efficacy of corticosteroids, IVIG, and
PE has been demonstrated in CIDP in several RCTs and meta-
analyses (131–138). The most recent Cochrane systemic review
(123) analyzed 8 RCTs with a total of 332 eligible patients. The
authors concluded that IVIG improves disability for at least 2–
6 weeks compared with placebo, with a number needed to treat
(NNT) of 3. During this period, it has similar efficacy to PE, oral
prednisolone, and intravenous methylprednisolone. In one large
trial, the benefit of IVIG persisted for 24 and possibly 48 weeks.
Further research is needed to compare the long-term benefits as
well as side effects of IVIG with other treatments (123).
In a recent PK study in 25 CIDP patients with active but sta-
ble disease serum IgG levels before and shortly after serial IVIG
infusions were remarkably constant over time. The change in IgG
levels was associated with IVIG dosage, but not with treatment fre-
quency, and both inter- and intra-patient variability was low. This
indicates that these patients have reached a steady state with a con-
stant distribution rate and turnover of IgG without accumulation
over time. Constant serum IgG levels seem to be required to sta-
bilize CIDP patients (139). A study in two CIDP patients showed
that weekly dosing with IVIG resulted in higher serum IgG trough
levels, which correlated with improved clinical response (140). In a
retrospective cohort study, 15 CIDP patients underwent successful
gradual dose reductions. Most patient started on an initial dose of
2 g/kg/course and could reduce that dose by mean 63% at an aver-
age dose interval of 7 weeks (range of dose reduction: 42.4–88%;
range of treatment frequency: 2–17 weeks). There was high vari-
ability between patients in observed IgG levels (141): the lowest
effective dose of IVIG per course ranged between 18 and 108 g; it
did not correlate to weight, frequency of administration, disease
duration, or pre-therapeutic degree of disability. These results sug-
gest considerably lower, standardized, initiating, and maintenance
doses might be effective and highlight the need for prospective
dose comparative trials (142).
Post-infusion rise in IgG levels (∆IgG) were correlated in indi-
vidual patients (P = 0.005), but inter-patient variability was high
(142). No correlations were ascertained between IgG level vari-
ation and weight, BMI, functional improvement, total dose of
IVIG administered, or dose of IVIG administered per kilogram per
week. Required frequency of IVIG infusions may, however, relate
to patient-specific post-infusion rise of∆IgG levels hence possibly
explaining inter-patient differences in treatment frequency needs.
IgG level monitoring may be helpful in establishing optimum
treatment regimens in individual cases (142).
The highly variable individual IgG doses and treatment inter-
vals were also observed and analyzed by Broyeles et al. (143). The
authors suggested that physicians might be adjusting IgG dosing
in CIDP according to each patient’s clinical condition and treat-
ment response. However, whether these adjustments will optimize
clinical outcome while limiting overall costs has still to be seen.
Not surprising that a Canadian cost-utility study using a Markov
model failed to perceive IVIG as cost-effective treatment for CIDP
compared to corticosteroid treatment (144). A criticism of this
study may be that it was too short to capture all long-term prob-
lems encountered with corticosteroids. On the other hand, IVIG
may be a short-term cost minimizing therapy compared to PE and
in long-term maintenance therapy SCIG has been proven to be
feasible, safe, effective, and cost reducing (145, 146). However, it
should be stated that in Europe no application for a centralized
authorization of a SCIG product in CIDP has as yet been submit-
ted, while several IVIG products are authorized either nationally
or via the MR or DC-procedures in numerous European countries
supporting a class effect of current IVIG brands for the treatment
of CIDP.
Nobile-Orazio et al. (132) compared in a RCT efficacy and tol-
erability of 6 month IVIG vs. IV methylprednisolone (0.5 g/day
on four consecutive days given monthly for 6 months). Treat-
ment of CIDP with IVIG for 6 months was less frequently dis-
continued because of inefficacy, adverse events, or intolerance
than was treatment with IV methylprednisolone. The longer-term
effects of these treatments on the course of CIDP need to be
addressed in future studies, notably as in some patients improve-
ment after corticosteroids seems to be more long-lasting than after
IVIG (124).
Recent RCTs with rituximab (147), intramuscular interferon β-
1a (148), and methotrexate (149) failed to show a beneficial effect
as add-on therapy. In a review by Cocito et al. (150), analyzing
110 patients with refractory CIDP, various immunomodulatory
drugs yielded similarly disappointing results. In contrast, small
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open-label studies investigating mycophenolate mofetil (151) and
alemtuzumab (152) showed promising results on the possibility
to stop or reduce maintenance IVIG therapy.
Better understanding of the pathogenesis is needed to identify
new treatment strategies and to develop biomarkers that corre-
late with disease activity and could help guiding maintenance
treatment in these patients.
MULTIFOCAL MOTOR NEUROPATHY
Since the mid ‘80s MMN was identified as a treatable immune-
mediated disease that responded to cyclophosphamide and IVIG
(153, 154). A Cochrane Review (155) identified a total of 4 RCTs
(including 34 patients) concerning the efficacy and safety of differ-
ent IVIG brands in MMN. These showed that IVIG had a beneficial
effect on strength and a non-significant trend toward improve-
ment of disability. Two further open-label, non-controlled studies
confirmed these results with 1 IVIG product in 20 MMN patients.
Currently, one IVIG product is licensed centrally in the entire
EU; however, some other IVIG products are licensed nation-
ally for MMN, supporting a class effect of current IVIG brands.
Patients with stable clinical course on IVIG conditions can be
safely switched to SCIG at the same monthly dose without risking
deterioration but with an improvement of quality of life (156, 157).
Product specific indication and dosing:
Multifocal Motor Neuropathy (MMN)
In general the starting dose is 2 g/kg for 2–5 days and the maintenance
dose is 1 g/kg every 2–4 weeks or 2 g/kg every 4–8 weeks. IVIG may be
switched to SCIG at the same monthly dose.
No current IVIG/SCIG coreSPC indication or dosing available.
Recent developments in MMN research
Multifocal motor neuropathy is a rare focal inflammatory neu-
ropathy characterized by slowly progressive, asymmetric distal
limb weakness without sensory loss. The hallmark of electro-
physiological examination is a conduction block in the absence
of abnormalities in sensory nerves. Differentiation from amy-
otrophic lateral sclerosis (ALS) and CIDP with asymmetric onset
is important as these diseases differ in prognosis and treatment
(153, 158). The underlying immuno-pathological mechanisms are
unknown but IgM auto-antibodies against ganglioside GM1 and
galactocerebroside GalC are thought to play a role (159).
First treatment option in MMN is IVIG. It improves muscle
strength by 78% and to a lesser extent the disability (39%) in
most patients (153). Corticosteroids, immunosuppressants, or PE
are not effective therapies for MMN, actually these treatments can
even worsen the paresis (158, 160, 161). Optimal dose and intervals
in maintenance treatment have not been established. Evaluating
serum IgG levels in MMN patients receiving a cumulative dose of
2.0 g/kg over 5 days, a wide variation was found in total IgG and
∆IgG levels between patients. Comparing IVIG responders with
non-responders, the ∆IgG levels were higher in the IVIG respon-
ders at each time point (1, 5 days, and 3 weeks after treatment)
with the largest difference on day 1 after IVIG (162). In several
small studies (156, 157, 160), IVIG was switched to SCIG as main-
tenance therapy at the same monthly dose with beneficial results.
An interesting dose-reduction protocol was described by Eftimov
et al. (163) when switching from IVIG to SCIG in 10 stable-phase
MMN patients: 5 received 100% of the IVIG maintenance dose,
the other 5 were put on 50%. All patients in the lower dose group
deteriorated.
In a small randomized trial, mycophenolate mofetil has been
investigated as add-on therapy but did not show any additional
effect over IVIG with placebo (164). Rituximab did not reduce
the need for IVIG in another small open-label study in six MMN
patients (165). Cyclophosphamide especially in combination with
autologous stem cell transplantation has been used in clinical
practice and is recommended in some guidelines for treatment
of refractory patients (160).
MYASTHENIA GRAVIS (MG)
Myasthenia gravis is an autoimmune disease with auto-antibodies
interfering with neuromuscular transmission. Auto-antibodies are
directed to signaling proteins at the neuromuscular junction, in
particular, the nicotinic acetylcholine receptor (AChR). At least
three mechanisms have been proposed to explain how anti-AChR
antibodies compromise neuromuscular transmission: (i) comple-
ment binding and activation at the neuromuscular junction; (ii)
accelerated degradation of AChR molecules (antigenic modula-
tion); and (iii) functional block of AChR-binding sites (166). As
in other autoimmune neuropathies IVIG has been tried as therapy
besides corticosteroid, immunosuppressants, and PE. The results
for IVIG are less convincing than in MMN, CIDP, and GBS and
currently, there is not sufficient solid data to include MG in the
core SPC’s established indications.
Two small trials published in 1984 demonstrated that IVIG
treatment was effective in MG patients at doses of 20 g given
6× over 2 weeks or 1–2 g/kg over 5 days (167). A study in 2005
compared 1 g/kg with 2 g/kg in MG, and found no significant
difference between the two doses for the primary and secondary
endpoints (168).
In the latest Cochrane systematic review, the authors analyzed
all available RCTs (n= 7) differing in inclusion criteria and com-
parator treatment (169). The conclusion of this review is that there
is no evidence from RCTs or from other trials to determine whether
IVIG improves function or reduces the need for steroids.
FETAL NEONATAL ALLOIMMUNE THROMBOCYTOPENIA
Fetomaternal or neonatal alloimmune thrombocytopenia is the
most common cause of severe thrombocytopenia in an otherwise
healthy fetus or neonate. Affected babies are at risk of bleeding,
and ~10–20% (170, 171) may develop intra- and/or extra-uterine
intracranial hemorrhage. In 1988, Bussel and colleagues (172)
described the successful use of a weekly dose of 1 g/kg maternal
weight starting when thrombocytopenia developed in the fetus
until delivery, in seven pregnancies at risk. Meanwhile, several
observational studies have reported on further successful cases
in such affected women (173–176). Based on the results of the
available data, there is no doubt that IVIG (starting between 12
and 20 weeks of gestation) is currently the standard therapy (171,
173, 174, 177). This indication is primarily based on the successful
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prevention of intracranial hemorrhage rather than on increasing
the fetal platelet count. The question whether corticosteroids may
have an additional positive effect in women treated with IVIG
remains open (178).
From a regulatory perspective FNAIT would warrant further
discussion.
Recent developments
Currently, different recombinant monoclonal anti-HPA-1a anti-
bodies, which would be applied in the management of FNAIT,
are under development in murine and translational models (179–
182). In addition, efforts are now being made to establish a
screening program that would help in identifying pregnancies at
risk, and justify the prevention of immunization by vaccination or
neutralization of the antibodies (180, 183).
FETAL HEMOLYTIC DISEASE
Immune antibodies to red blood cell (RBC) antigens can cause sig-
nificant fetal anemia that may occur early in gestation, when fetal
transfusion is difficult to perform. Based on the success observed
in the treatment of FNAIT, IVIG has been used in cases with severe
hemolysis that cannot be compensated by transfusion due to tech-
nical difficulties and/or highly aggressive antibodies. Although,
the results are somewhat conflicting, some benefit was observed
in most cases (184) using a weekly dose of 1 g/kg maternal weight,
commencing from the first trimester. In a recent Cochrane study,
the author’s conclusion was as follows: no information is available
from randomized trials to indicate whether the antenatal use of
IVIG is effective in the management of fetal RBC alloimmuniza-
tion, although several case studies suggest that a beneficial role in
delaying the onset of fetal anemia requiring invasive intrauterine
transfusion (185).
DERMATOLOGICAL DISEASES
Recommendations from the most recent European dermatology
guideline for IVIG use list levels of evidence and grade of recom-
mendations. These recommendations are briefly reiterated here.
IVIGs were deemed to be efficacious in severe forms of dermato-
myositis, polymyositis, and inclusion body myositis (184, 185)
but are usually recommended as second-line therapy. The most
convincing results have been reported in juvenile and adult myosi-
tis patients with acute, potentially life-threatening complications
such as dysphagia, severe weakness, ulcerative skin leasions, and
calcinosis cutis (188, 189). The authors further recommended
IVIG as a second-line treatment in autoimmune blistering dis-
eases, which are relapsing or refractory to standard therapy (190).
In addition, for vasculitic syndromes with a particularly fulmi-
nant progressive disease form with multiple complications and
severe side effects, IVIG therapy may be considered as a first-
line treatment option. Less clear evidence exists for the use of
IVIG in systemic lupus erythematosus. In numerous studies, the
early administration of IVIG in toxic epidermal necrolysis (TEN)
was suggested to be potentially life-saving (evidence level IV, rec-
ommendation grade C). The early administration of high-dose
immunoglobulin should be considered in confirmed cases of TEN
in the absence of any therapeutic alternative (187, 191).
For the various disorders, the authors recommended a dose
of 2 g/kg body weight (3 g/kg in TEN) applied over a period of
2–5 days. For chronic dermatological diseases treatment, intervals
should be every 4 weeks and after 6 months gradually increased to
6-week intervals.
DISCUSSION AND CONCLUSION
Over the last 40 years, the demand of therapeutic Ig has been
steadily increasing worldwide. This has several reasons (i) the
number of indications kept extending from PID and SID into
hematology, neurology, rheumatology, intensive care, and derma-
tology; by now international guidelines list 10–12 high-priority
indications, 15–18 medium priority, and over 20 low-priority
indications. (ii) IVIG is conceived as a safe, well-tolerated, and
well-accepted medicine among patients and doctors explaining
why it has been tried in so many different conditions and helped
surprisingly quite often. (iii) The introduction of a variety of
new preparations (5 and 10% IVIG and 16 and 20% SCIG,
hyaluronidase facilitated SCIG and hyperimmune IVIG) and dif-
ferent routes of application (IV, SC with pump or rapid push,
home treatments) has made the practical therapy more flexible
and easier (8).
It is the purpose of this survey to review critically and to
update indications and dosing strategies of IVIG and SCIG ther-
apies in view of increasing demand, pharmacoeconomic aspects,
and emerging alternatives for the immunomodulatory indications.
Moreover, we wanted to recall the regulatory recommendations
laid down in the core SPC of the European Medicine Agency and
complement this information with current research and develop-
ment data in the field of high-priority IVIG/SCIG replacement or
immunomodulatory therapies.
Dosing of IVIG/SCIG in PAD replacement therapy no longer
relies on fixed monthly doses but rather on a treat-to-target strat-
egy the goal being a maximal reduction and control of bacterial
infectious episodes and avoidance of side effects. Thus, monthly
dosage, route of administration (IV or SC), infusion intervals and
serum Ig levels are secondary to this goal but have to be opti-
mized for the individual patient in order to reach the best possible
result (24). The flexibility to comply with patients’ needs has been
greatly improved. Not only can the same total weekly SCIG dose
be administered at different intervals, from daily to biweekly (to
monthly for the facilitated SCIG), with minimal impact on serum
IgG levels (21, 22), SCIG and IVIG may also be applied in an
alternating mode to increase convenience and quality of life (23).
Several SCIG loading regimens rapidly achieve adequate serum
IgG levels in treatment-naïve patients (22). There is reasonable
evidence to calculate the loading dose on ideal body-weight (2, 3)
and to increase monthly dosages by 0.15 g/kg until break-through
infections are sufficiently controlled (17). Infusion-related reac-
tions can be avoided or minimized in most cases by switching
from IVIG to SCIG. While the FDA recommends the use of a DAC
when switching from IVIG to SCIG (6, 7) the European experi-
ence reports satisfactory results by just maintaining the monthly
IVIG dose and dividing it in weekly, biweekly, or even smaller doses
(192). It is now generally accepted that Ig replacement therapy does
more than just replace the antibody repertoire in PAD patients
(30). It also serves as a biological response modifier with anti-
inflammatory properties (31, 32) that contribute to the clinical
benefit of IVIG/SCIG therapy in immunodeficient patients. The
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bottom line of the current knowledge on Ig replacement therapy
is optimizing the results by individualizing the treatment regi-
mens; recently, this principle has been beautifully illustrated by
case studies from Bonagura (20).
Regarding the major immunomodulatory indications for IVIG,
it is striking how little evidence and structure has so far been
brought into the dosing issue. Most studies still start with the
2 g/kg protocol (preferably given on 1 single day, instead of being
spread over 5 days), as originally described in the ITP (71, 72) and
KD (87, 88) trials. Although a down-scaling regime in ITP showed
that 1 g/kg was as efficient as 2 g/kg (72), it was the latter dose that
set the stage for the regulatory adoption of the dosage regimen in
ITP and other “immunomodulatory settings” for years to come.
There are only a few case reports dictated by economic constraints
suggesting that lower doses (0.1–0.4 g/kg) may also exhibit effec-
tive immunomodulatory activity (77, 78) but no systematic dose
exploration has been performed. Especially no up-scaling dosage
regimen has been pursued as in Ig replacement therapy for PAD
patients (17). Down-scaling attempts (141, 142) and a trend to
switch from IVIG to SCIG have been made in chronic diseases
such CIDP (145, 146) and MMN (156, 157, 160, 163). In the acute
phases of GBS or in myasthenic crisis comparative studies between
PE and IVIG showed equal effectiveness but advantages for IVIG
with respect to feasibility and costs. Despite much effort that has
been put into the analysis of mechanisms governing responsive-
ness and non-responsiveness to high-dose IVIG in ITP, KD, and the
neuroimmunological indications no clear-cut picture has emerged
so far (186). Some biomarkers, however, may be helpful to iden-
tify responders from non-responders and thereby try early on
alternative treatment options (94–96, 111). Driven by the need
to be cost-effective the pursuit of alternative treatment options
is another strong trend in many studies on immunomodulatory
IVIG indications. Thus, the renaissance of corticosteroids in the
long-term treatment of KD (97, 103–105) and CIDP (132, 135) are
examples. A recent overview of immunological treatment options
in neuroimmunological emergencies by von Geldern et al. (193)
nicely illustrates that IVIG is only one among several treatment
choices, although a very important and effective one.
Clearly, more research is needed to clarify the mode of action
of IVIG in immunomodulation and to optimize dosing and
treatment intervals.
ACKNOWLEDGMENTS
Hans-Hartmut Peter is supported by the German Federal Ministry
of Education and Research (BMBF 01 EO 0803).
REFERENCES
1. Robert P. Global plasma demand in 2015. In: Valverde JL, editor. Pharmaceu-
ticals Policy and Law Rare Diseases: Focus on Plasma Related Disorders. Amster-
dam: IOS Press (2009). p. 359–67.
2. Khan S, Grimbacher B, Boecking C, Chee R, Allgar V, Holding S, et al. Serum
trough IgG level and annual intravenous immunoglobulin dose are not related
to body size in patients on regular replacement therapy. Drug Metab Lett (2011)
5(2):132–6. doi:10.2174/187231211795305302
3. Rocchio MA, Hussey AP, Southard RA, Szumita PM. Impact of ideal body
weight dosing for all inpatient i.v. immune globulin indications. Am J Health
Syst Pharm (2013) 70(9):751–2. doi:10.2146/ajhp110744
4. Abolhassani H, Sadaghiani MS, Aghamohammadi A, Ochs HD, Rezaei
N. Home-based subcutaneous immunoglobulin versus hospital-based
intravenous immunoglobulin in treatment of primary antibody deficiencies:
systematic review and meta analysis. J Clin Immunol (2012) 32(6):1180–92.
doi:10.1007/s10875-012-9720-1
5. Shapiro RS. Why I use subcutaneous immunoglobulin (SCIG). J Clin Immunol
(2013) 33(Suppl 2):S95–8. doi:10.1007/s10875-012-9853-2
6. Haddad E, Berger M, Wang EC, Jones CA, Bexon M, Baggish JS. Higher doses
of subcutaneous IgG reduce resource utilization in patients with primary
immunodeficiency. J Clin Immunol (2012) 32(2):281–9. doi:10.1007/s10875-
011-9631-6
7. Fadeyi M, Tran T. Calculating the dose of subcutaneous immunoglobulin for
primary immunodeficiency disease in patients switched from intravenous to
subcutaneous immunoglobulin without the use of a dose-adjustment coeffi-
cient. P T (2013) 38(12):768–70.
8. Sewell WA, Kerr J, Behr-Gross ME, Peter HH; Kreuth Ig Working Group. Euro-
pean consensus proposal for immunoglobulin therapies. Eur J Immunol (2014)
44(8):2207–14. doi:10.1002/eji.201444700
9. Bruton O. Agammaglobulinemia. Pediatrics (1952) 9(6):722–8.
10. Cunningham-Rundles C, Siegal FP, Smithwick EM. Efficacy of intravenous
immunoglobulin in primary humoral immunodeficiency disease. Ann Intern
Med (1984) 101:435–9. doi:10.7326/0003-4819-101-4-435
11. Cunningham-Rundles C, Bodian C. Common variable immunodeficiency:
clinical and immunological features of 248 patients. Clin Immunol (1999)
92:34–48. doi:10.1006/clim.1999.4725
12. Jolles S, Kaveri SV, Orange J. Intravenous immunoglobulins. Current under-
standing and future directions. Clin Exp Immunol (2009) 1:68–70. doi:10.1111/
j.1365-2249.2009.04029.x
13. Chapel H, Cunningham-Rundles C. Update in understanding common vari-
able immuno-deficiency disorders (CVIDs) and the management of patients
with these conditions. Br J Haematol (2009) 145:709–27. doi:10.1111/j.1365-
2141.2009.07669.x
14. Ochs HD, Fischer SH, Wedgwood RJ. Comparison of high-dose and
low-dose intravenous immunoglobulin therapy in patients with primary
immunodeficiency diseases. Am J Med (1984) 76:78–82. doi:10.1016/0002-
9343(84)90324-3
15. Orange JS, Grossman WJ, Navickis RJ, Wilkes MM. Impact of trough IgG on
pneumonia incidence in primary immunodeficiency: a meta-analysis of clini-
cal studies. Clin Immunol (2010) 137:21–30. doi:10.1016/j.clim.2010.06.012
16. Orange JS, Belohradsky BH, Berger M, Borte M, Hagan J, Jolles S, et al. Eval-
uation of correlation between dose and clinical outcomes in subcutaneous
immunoglobulin replacement therapy. Clin Exp Immunol (2012) 169:172–81.
doi:10.1111/j.1365-2249.2012.04594.x
17. Lucas M, Lee M, Lortan J, Lopez-Granados E, Misbah S, Chapel H. Infec-
tion outcomes in patients with common variable immunodeficiency disorders:
relationship to immunoglobulin therapy over 22 years. J Allergy Clin Immunol
(2010) 125:1354–60. doi:10.1016/j.jaci.2010.02.040
18. Gathmann B, Mahlaoui N, CEREDIH Network, Gérard L, Oksenhendler E,
Warnatz K, et al. . Clinical picture and treatment of 2212 patients with common
variable immunodeficiency. J Allergy Clin Immunol (2014) 134(1):116–26.
doi:10.1016/j.jaci.2013.12.1077
19. Quinti I, Soresina A, Guerra A, Rondelli R, Spadaro G, Agostini C, et al.
Effectiveness of immunoglobulin replacement therapy on clinical outcome
in patients with primary antibody deficiencies: results from a multicenter
prospective cohort study. J Clin Immunol (2011) 31:315–22. doi:10.1007/
s10875-011-9511-0
20. Bonagura VR. Illustrative cases on individualizing immunoglobulin therapy
in primary immunodeficiency disease. Ann Allergy Asthma Immunol (2013)
111(6 Suppl):S10–3. doi:10.1016/j.anai.2013.09.014
21. Landersdorfer CB, Bexon M, Edelman J, Rojavin M, Kirkpatrick CM, Lu J,
et al. Pharmacokinetic modeling and simulation of biweekly subcutaneous
immunoglobulin dosing in primary immunodeficiency. Postgrad Med (2013)
125(6):53–61. doi:10.3810/pgm.2013.11.2712
22. Sidhu J, Rojavin M, Pfister M, Edelman J. Enhancing patient flexibility of sub-
cutaneous immunoglobulin G dosing: pharmacokinetic outcomes of various
maintenance and loading regimens in the treatment of primary immunodefi-
ciency. Biol Ther (2014) 4:41–55. doi:10.1007/s13554-014-0018-0
23. Soler-Palacín P, Gasó-Gago I, Fernández-Polo A, Martín-Nalda A, Oliveras
M, Martinez-Cutillas J, et al. Intravenous and subcutaneous immunoglobu-
lin replacement: a two-way road. Optimizing healthcare quality in patients
Frontiers in Immunology | Primary Immunodeficiencies December 2014 | Volume 5 | Article 629 | 14
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Kerr et al. Dosing therapeutic immunoglobulins
with primary immunodeficiencies. J Clin Immunol (2014) 34(8):1015–7.
doi:10.1007/s10875-014-0096-2
24. Milito C, Pulvirenti F, Pesce AM, Digiulio MA, Pandolfi F, Visentini M, et al.
Adequate patient’s outcome achieved with short immunoglobulin replacement
intervals in severe antibody deficiencies. J Clin Immunol (2014) 34(7):813–9.
doi:10.1007/s10875-014-0081-9
25. Gabriel SE, Normand SL. Getting the methods right-the foundation of patient-
centered outcomes research. N Engl J Med (2012) 367:787–90.
26. Gouilleux-Gruart V, Chapel H, Chevret S, Lucas M, Malphettes M, Fieschi C,
et al. Efficiency of immunoglobulin G replacement therapy in common vari-
able immunodeficiency: correlations with clinical phenotype and polymor-
phism of the neonatal Fc receptor. Clin Exp Immunol (2013) 171(2):186–94.
doi:10.1111/cei.12002
27. Schroeder HW Jr, Dougherty CJ. Review of intravenous immunoglobulin
replacement therapy trials for primary humoral immunodeficiency patients.
Infection (2012) 40:601–11. doi:10.1007/s15010-012-0323-9
28. Mikolajczyk MG, Concepcion NF, Wang T, Frazier D, Golding B, Frasch
CE, et al. Characterization of antibodies to capsular polysaccharide antigens
of Haemophilus influenzae type b and Streptococcus pneumoniae in human
immune globulin intravenous preparations. Clin Diagn Lab Immunol (2004)
11:1158–64.
29. Hagan JB, Fasano MB, Spector S. Efficacy and safety of a new 20%
immunoglobulin preparation for subcutaneous administration, IgPro20, in
patients with primary immunodeficiency. J Clin Immunol (2010) 30:734–45.
doi:10.1007/s10875-010-9423-4
30. Kaveri SV, Maddur MS, Hegde P, Lacroix-Desmazes S, Bayry J. Intravenous
immunoglobulins in immunodeficiencies: more than mere replacement ther-
apy. Clin Exp Immunol (2011) 164:2–5. doi:10.1111/j.1365-2249.2011.04387.x
31. Durandy A, Kaveri SV, Kuijpers TW. Intravenous immunoglobulins – under-
standing properties and mechanisms. Clin Exp Immunol (2009) 158:2–13.
doi:10.1111/j.1365-2249.2009.04022.x
32. Ballow M. The IgG molecule as a biological immune response modifier:
mechanisms of action of intravenous immune serum globulin in autoim-
mune and inflammatory disorders. J Allergy Clin Immunol (2011) 127:315–23.
doi:10.1016/j.jaci.2010.10.030
33. Wasserman RL, Church JA, Peter HH, Sleasman JW, Melamed I, Stein MR,
et al. Pharmacokinetics of a new 10% intravenous immunoglobulin in patients
receiving replacement therapy for primary immunodeficiency. Eur J Pharmacol
(2009) 37(3–4):272–8. doi:10.1016/j.ejps.2009.02.014
34. Shapiro RS. Subcutaneous immunoglobulin therapy given by subcutaneous
rapid push vs infusion pump: a retrospective analysis. Ann Allergy Asthma
Immunol (2013) 111(1):51–5. doi:10.1016/j.anai.2013.04.015
35. Wasserman RL, Melamed I, Stein MR, Gupta S, Puck J, Engl W, et al. Recom-
binant human hyaluronidase-facilitated subcutaneous infusion of human
immunoglobulins for primary immunodeficiency. J Allergy Clin Immunol
(2012) 130(4):951–7. doi:10.1016/j.jaci.2012.06.021
36. Lingman-Framme J, Fasth A. Subcutaneous immunoglobulins for primary
and secondary immunodeficiencies: an evidence-based review. Drugs (2013)
73(12):1307–19. doi:10.1007/s40265-013-0094-3
37. Duraisingham SS, Buckland MS, Grigoriadou S, Longhurst HJ. Secondary anti-
body deficiency. Expert Rev Clin Immunol (2014) 10(5):583–91. doi:10.1586/
1744666X.2014.902314
38. Mouthon L, Fermand JP, Gottenberg JE. Management of secondary immune
deficiencies: what is the role of immunoglobulins? Curr Opin Allergy Clin
Immunol (2013) 13(Suppl 2):S56–67. doi:10.1097/01.all.0000433132.16436.b5
39. Azar AE, Ballas ZK. Evaluation of the adult with suspected immunodeficiency
(review). Am J Med (2007) 120(9):764–8. doi:10.1016/j.amjmed.2006.12.013
40. Controlled Clinical Trial Cooperative Group. Intravenous immunoglobulin for
the prevention of infection in chronic lymphocytic leukemia. A randomized,
controlled clinical trial. Cooperative group for the study of immunoglobu-
lin in chronic lymphocytic leukemia. N Engl J Med (1988) 319(14):902–7.
doi:10.1056/NEJM198810063191403
41. Griffiths H, Brennan V, Lea J, Bunch C, Lee M, Chapel H. Crossover study
of immunoglobulin replacement therapy in patients with low-grade B-cell
tumors. Blood (1989) 73(2):366–8.
42. Boughton BJ, Jackson N, Lim S, Smith N. Randomized trial of intra-
venous immunoglobulin prophylaxis for patients with chronic lymphocytic
leukaemia and secondary hypogamma-globulinaemia. Clin Lab Haematol
(1995) 17(1):75–80. doi:10.1111/j.1365-2257.1995.tb00322.x
43. Ruuskanen O, Nurkka A, Helminen M, Viljanen MK, Käyhty H, Kainulainen L.
Specific antibody deficiency in children with recurrent respiratory infections:
a controlled study with follow-up. Clin Exp Immunol (2013) 172(2):238–44.
doi:10.1111/cei.12053
44. Sinisalo M, Vilpo J, Itälä M, Väkeväinen M, Taurio J, Aittoniemi J. Anti-
body response to 7-valent conjugated pneumococcal vaccine in patients with
chronic lymphocytic leukaemia. Vaccine (2007) 26(1):82–7. doi:10.1016/j.
vaccine.2007.10.053
45. Smolej L. Efficacy of pneumococcal vaccination in chronic lymphocytic
leukemia: should we rely on surrogate markers? Vaccine (2008) 26(11):1407.
doi:10.1016/j.vaccine.2008.01.010
46. Molica S, Musto P, Chiurazzi F, Specchia G, Brugiatelli M, Cicoira L, et al. Pro-
phylaxis against infections with low-dose intravenous immunoglobulins (IVIg)
in chronic lymphocytic leukemia. Results of a crossover study. Haematologica
(1996) 81(2):121–6.
47. Jurlander J, Geisler CH, Hansen MM. Treatment of hypogammaglob-
ulinaemia in chronic lymphocytic leukaemia by low-dose intravenous
gammaglobulin. Eur J Haematol (1994) 53(2):114–8. doi:10.1111/j.1600-0609.
1994.tb01874.x
48. Chapel HM, Lee M, Hargreaves R, Pamphilon DH, Prentice AG. Ran-
domised trial of intravenous immunoglobulin as prophylaxis against infec-
tion in plateau-phase multiple myeloma. The UK group for immunoglobulin
replacement therapy in multiple myeloma. Lancet (1994) 343(8905):1059–63.
doi:10.1016/S0140-6736(94)90180-5
49. Karlsson J, Andréasson B, Kondori N, Erman E, Riesbeck K, Hogevik H, et al.
Comparative study of immune status to infectious agents in elderly patients
with multiple myeloma, Waldenstrom’s macroglobulinemia, and monoclonal
gammopathy of undetermined significance. Clin Vaccine Immunol (2011)
18(6):969–77. doi:10.1128/CVI.00021-11
50. Raanani P, Gafter-Gvili A, Paul M, Ben-Bassat I, Leibovici L, Shpilberg O.
Immunoglobulin prophylaxis in chronic lymphocytic leukemia and multi-
ple myeloma: systematic review and meta-analysis. Leuk Lymphoma (2009)
50(5):764–72. doi:10.1080/10428190902856824
51. Sullivan KM, Kopecky KJ, Jocom J, Fisher L, Buckner CD, Meyers JD, et al.
Immunomodulatory and antimicrobial efficacy of intravenous immunoglob-
ulin in bone marrow transplantation. N Engl J Med (1990) 323(11):705–12.
doi:10.1056/NEJM199009133231103
52. Cordonnier C, Chevret S, Legrand M, Rafi H, Dhédin N, Lehmann B, et al.
Should immunoglobulin therapy be used in allogeneic stem-cell transplanta-
tion? A randomized, double-blind, dose effect, placebo-controlled, multicen-
ter trial. Ann Intern Med (2003) 139(1):8–18. doi:10.7326/0003-4819-139-1-
200307010-00007
53. Raanani P, Gafter-Gvili A, Paul M, Ben-Bassat I, Leibovici L, Shpilberg O.
Immunoglobulin prophylaxis in hematopoietic stem cell transplantation: sys-
tematic review and meta-analysis. J Clin Oncol (2009) 27(5):770–81. doi:10.
1200/JCO.2008.16.8450
54. Sundin M, Nordin K, Jostemyr Y, Winiarski J. Subcutaneous IgG replacement
after pediatric SCT. Pediatr Transplant (2012) 16(8):866–71. doi:10.1111/j.
1399-3046.2012.01783.x
55. The National Institute of Child Health and Human Development Intravenous
Immunoglobulin Study Group. Intravenous immune globulin for the pre-
vention of bacterial infections in children with symptomatic human immun-
odeficiency virus infection. N Engl J Med (1991) 325(2):73–80. doi:10.1056/
NEJM199107113250201
56. Spector SA, Gelber RD, McGrath N, Wara D, Barzilai A, Abrams E, et al. A
controlled trial of intravenous immune globulin for the prevention of seri-
ous bacterial infections in children receiving zidovudine for advanced human
immunodeficiency virus infection. Pediatric AIDS Clinical Trials Group. N
Engl J Med (1994) 331(18):1181–7. doi:10.1056/NEJM199411033311802
57. Casulo C, Maragulia J, Zelenetz AD. Incidence of hypogammaglobulinemia
in patients receiving rituximab and the use of intravenous immunoglobulin
for recurrent infections. Clin Lymphoma Myeloma Leuk (2013) 13(2):106–11.
doi:10.1016/j.clml.2012.11.011
58. Venhoff N, Effelsberg NM, Salzer U, Warnatz K, Peter HH, Lebrecht D, et al.
Impact of rituximab on immunoglobulin concentrations and B cell numbers
after cyclophosphamide treatment in patients with ANCA-associated vasculi-
tides. PLoS One (2012) 7(5):e37626. doi:10.1371/journal.pone.0037626
59. Thiel J, Salzer U, Hässler F, Effelsberg NM, Hentze C, Sic H, et al. B cell
homeostasis is disturbed by immunosuppressive therapies in patients with
www.frontiersin.org December 2014 | Volume 5 | Article 629 | 15
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Kerr et al. Dosing therapeutic immunoglobulins
ANCA-associated vasculitides. Autoimmunity (2013) 46(7):429–38. doi:10.
3109/08916934.2013.798652
60. Florescu DF, Kalil AC, Qiu F, Schmidt CM, Sandkovsky U. What is the impact of
hypogamma-globulinemia on the rate of infections and survival in solid organ
transplantation? A meta-analysis. Am J Transplant (2013) 13(10):2601–10.
doi:10.1111/ajt.12401
61. Rubin RH. Infectious disease complications of renal transplantation (review).
Kidney Int (1993) 44(1):221–36. doi:10.1038/ki.1993.234
62. Sarmiento E, Lanio N, Gallego A, Rodriguez-Molina J, Navarro J, Fernandez-
Yañez J, et al. Immune monitoring of anti cytomegalovirus antibodies and risk
of cytomegalovirus disease in heart transplantation. Int Immunopharmacol
(2009) 9(6):649–52. doi:10.1016/j.intimp.2008.09.013
63. Carbone J, Sarmiento E, Del Pozo N, Rodriguez-Molina JJ, Navarro J,
Fernandez-Yañez J, et al. Restoration of humoral immunity after intra-
venous immunoglobulin replacement therapy in heart recipients with post-
transplant antibody deficiency and severe infections. Clin Transplant (2012)
26(3):E277–83. doi:10.1111/j.1399-0012.2012.01653.x
64. Wotton CJ, Goldacre MJ. Risk of invasive pneumococcal disease in people
admitted to hospital with selected immune-mediated diseases: record link-
age cohort analyses. J Epidemiol Community Health (2012) 66(12):1177–81.
doi:10.1136/jech-2011-200168
65. Cervera R, Khamashta MA, Font J, Sebastiani GD, Gil A, Lavilla P, et al. Mor-
bidity and mortality in systemic lupus erythematosus during a 10-year period:
a comparison of early and late manifestations in a cohort of 1,000 patients.
Medicine (Baltimore) (2003) 82(5):299–308. doi:10.1097/01.md.0000091181.
93122.55
66. Alarcón GS, McGwin G Jr, Bastian HM, Roseman J, Lisse J, Fessler BJ, et al.
Systemic lupus erythematosus in three ethnic groups. VII[correction of VIII].
Predictors of early mortality in the LUMINA cohort. LUMINA Study Group.
Arthritis Rheum (2001) 45(2):191–202. doi:10.1002/1529-0131(200104)45:
2<191::AID-ANR173>3.3.CO;2-U
67. Edwards CJ, Lian TY, Badsha H, Teh CL, Arden N, Chng HH. Hospitalization of
individuals with systemic lupus erythematosus: characteristics and predictors
of outcome. Lupus (2003) 12(9):672–6. doi:10.1191/0961203303lu452oa
68. Sorrell TC, Forbes IJ. Depression of immune competence by phenytoin
and carbamazepine. Studies in vivo and in vitro. Clin Exp Immunol (1975)
20(2):273–85.
69. Matsuoka H, Okada J, Takahashi T, Matsuoka M, Sato C, Torii S. Immunologi-
cal study of IgA deficiency during anticonvulsant therapy in epileptic patients.
Clin Exp Immunol (1983) 53(2):423–8.
70. Kienzler AK, Rizzi M, Reith M, Nutt SL, Eibel H. Inhibition of human B-cell
development into plasmablasts by histone deacetylase inhibitor valproic acid.
J Allergy Clin Immunol (2013) 131(6):1695–9. doi:10.1016/j.jaci.2013.01.018
71. Imbach P, Barandun S, d’Apuzzo V, Baumgartner C, Hirt A, Morell A,
et al. High-dose intravenous gammaglobulin for idiopathic thrombocytopenic
purpura in childhood. Lancet (1981) 1(8232):1228–31. doi:10.1016/S0140-
6736(81)92400-4
72. Blanchette V, Imbach P, Andrew M, Adams M, McMillan J, Wang E, et al. Ran-
domised trial of intravenous immunoglobulin G, intravenous anti-D, and oral
prednisone in childhood acute immune thrombocytopenic purpura. Lancet
(1994) 344(8924):703–7. doi:10.1016/S0140-6736(94)92205-5
73. Rodeghiero F, Stasi R, Gernsheimer T, Michel M, Provan D, Arnold DM, et al.
Standardization of terminology, definitions and outcome criteria in immune
thrombocytopenic purpura of adults and children: report from an inter-
national working group. Blood (2009) 113(11):2386–93. doi:10.1182/blood-
2008-07-162503
74. Neunert C, Lim W, Crowther M, Cohen A, Solberg L Jr, Crowther MA,
et al. The American society of hematology 2011 evidence-based practice
guideline for immune thrombocytopenia. Blood (2011) 117(16):4190–207.
doi:10.1182/blood-2010-08-302984
75. Parodi E, Giordano P, Rivetti E, Giraudo MT, Ansaldi G, Davitto M, et al. Effi-
cacy of combined intravenous immunoglobulins and steroids in children with
primary immune thrombocytopenia and persistent bleeding symptoms. Blood
Transfus (2014) 12(3):340–5. doi:10.2450/2014.0185-13
76. Alioglu B, Ercan S, Tapci AE, Zengin T, Yazarli E, Dallar Y. A comparison
of intravenous immunoglobulin (2 g/kg totally) and single doses of anti-D
immunoglobulin at 50µg/kg, 75µg/kg in newly diagnosed children with idio-
pathic thrombocytopenic purpura: Ankara hospital experience. Blood Coagul
Fibrinolysis (2013) 24(5):505–9. doi:10.1097/MBC.0b013e32835e5337
77. Lee JH, Lee KS. Efficacy of very low-dose (200 mg/kg/d) with short-term intra-
venous immunoglobulin G therapy according to individual response of acute
immune thrombocytopenic purpura in childhood. Clin Pediatr Hematol Oncol
(2006) 13:143–9.
78. Dua V. Very low-dose intravenous immunoglobulin for treatment of immune
thrombocytopenic purpura. Indian Pediatr (2013) 50:611.
79. Sruamsiri R, Dilokthornsakul P, Pratoomsoot C, Chaiyakunapruk N.
A cost-effectiveness study of intravenous immunoglobulin in child-
hood idiopathic thrombocytopenia purpura patients with life-threatening
bleeding. Pharmacoeconomics (2014) 32(8):801–13. doi:10.1007/s40273-014-
0171-9
80. Lee D, Thornton P, Hirst A, Kutikova L, Deuson R, Brereton N. Cost effec-
tiveness of romiplostim for the treatment of chronic immune thrombo-
cytopenia in Ireland. Appl Health Econ Health Policy (2013) 11(5):457–69.
doi:10.1007/s40258-013-0044-y
81. Pettigrew M, Garces K, Deuson R, Kassis J, Laroche V. Comparative net cost
impact of the utilization of romiplostim and intravenous immunoglobulin for
the treatment of patients with immune thrombocytopenia in Québec, Canada.
J Med Econ (2013) 16(2):318–26. doi:10.3111/13696998.2012.756400
82. Morimoto Y, Yoshida N, Kawashima N, Matsumoto K, Kato K. Identification
of predictive factors for response to intravenous immunoglobulin treatment in
children with immune thrombocytopenia. Int J Hematol (2014) 99(5):597–602.
doi:10.1007/s12185-014-1551-9
83. Stiakaki E, Perdikogianni C, Thomou C, Markaki EA, Katzilakis N, Tsirigotaki
M, et al. Idiopathic thrombocytopenic purpura in childhood: twenty years of
experience in a single center. Pediatr Int (2012) 54(4):524–7. doi:10.1111/j.
1442-200X.2012.03606.x
84. Peng J, Ma SH, Liu J, Hou Y, Liu XM, Niu T, et al. Association of autoanti-
body specificity and response to intravenous immunoglobulin G therapy in
immune thrombocytopenia: a multicenter cohort study. J Thromb Haemost
(2014) 12(4):497–504. doi:10.1111/jth.12524
85. Papagianni A, Economou M, Tragiannidis A, Karatza E, Samarah F, Gom-
bakis N, et al. FcγRIIa and FcγRIIIa polymorphisms in childhood pri-
mary immune thrombocytopenia: implications for disease pathogenesis and
outcome. Blood Coagul Fibrinolysis (2013) 24(1):35–9. doi:10.1097/MBC.
0b013e328359bc3b
86. Breunis WB, van Mirre E, Bruin M, Geissler J, de Boer M, Peters M, et al.
Copy number variation of the activating FCGR2C gene predisposes to idio-
pathic thrombocytopenic purpura. Blood (2008) 111(3):1029–38. doi:10.1182/
blood-2007-03-079913
87. Furusho K, Kamiya T, Nakano H, Kiyosawa N, Shinomiya K, Hayashidera
T, et al. High-dose intravenous gammaglobulin for Kawasaki disease. Lancet
(1984) 2(8411):1055–8. doi:10.1016/S0140-6736(84)91504-6
88. Newburger JW, Takahashi M, Beiser AS, Burns JC, Bastian J, Chung KJ, et al.
A single intravenous infusion of gamma globulin as compared with four infu-
sions in the treatment of acute Kawasaki syndrome. N Engl J Med (1991)
324(23):1633–9. doi:10.1056/NEJM199106063242305
89. Eleftheriou D, Levin M, Shingadia D, Tulloh R, Klein NJ, Brogan PA. Man-
agement of Kawasaki disease. Arch Dis Child (2014) 99(1):74–83. doi:10.1136/
archdischild-2012-302841
90. Makowsky R, Wiener HW, Ptacek TS, Silva M, Shendre A, Edberg JC, et al.
FcγR gene copy number in Kawasaki disease and intravenous immunoglobu-
lin treatment response. Pharmacogenet Genomics (2013) 23(9):455–62. doi:10.
1097/FPC.0b013e328363686e
91. Fury W, Tremoulet AH, Watson VE, Best BM, Shimizu C, Hamilton J, et al.
Transcript abundance patterns in Kawasaki disease patients with intravenous
immunoglobulin resistance. Hum Immunol (2010) 71(9):865–73. doi:10.1016/
j.humimm.2010.06.008
92. Ogata S, Shimizu C, Franco A, Touma R, Kanegaye JT, Choudhury BP, et al.
Treatment response in Kawasaki disease is associated with sialylation levels of
endogenous but not therapeutic intravenous immunoglobulin G. PLoS One
(2013) 8(12):e81448. doi:10.1371/journal.pone.0081448
93. Lin M-C, Fu Y-C, Jan S-L, Lai M-S. Comparative effectiveness of intravenous
immunoglobulin for children with Kawasaki disease: a nationwide cohort
study. PLoS One (2013) 8(5):e63399. doi:10.1371/journal.pone.0063399
94. Fukunishi M, Kikkawa M, Hamana K, Onodera T, Matsuzaki K, Matsumoto
Y, et al. Prediction of non-responsiveness to intravenous high-dose gamma-
globulin therapy in patients with Kawasaki disease at onset. J Pediatr (2000)
137(2):172–6. doi:10.1067/mpd.2000.104815
Frontiers in Immunology | Primary Immunodeficiencies December 2014 | Volume 5 | Article 629 | 16
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Kerr et al. Dosing therapeutic immunoglobulins
95. Egami K, Muta H, Ishii M, Suda K, Sugahara Y, Iemura M, et al. Prediction of
resistance to intravenous immunoglobulin treatment in patients with Kawasaki
disease. J Pediatr (2006) 149(2):237–40. doi:10.1016/j.jpeds.2006.03.050
96. Kobayashi T, Inoue Y, Takeuchi K, Okada Y, Tamura K, Tomomasa T, et al.
Prediction of intravenous immunoglobulin unresponsiveness in patients
with Kawasaki disease. Circulation (2006) 113(22):2606–12. doi:10.1161/
CIRCULATIONAHA.105.592865
97. Chen S, Dong Y, Yin Y, Krucoff MW. Intravenous immunoglobulin plus cor-
ticosteroid to prevent coronary artery abnormalities in Kawasaki disease: a
meta-analysis. Heart (2013) 99(2):76–82. doi:10.1136/heartjnl-2012-302126
98. Mori M, Imagawa T, Hara R, Kikuchi M, Hara T, Nozawa T, et al. Efficacy
and limitation of infliximab treatment for children with Kawasaki disease
intractable to intravenous immunoglobulin therapy: report of an open-label
case series. J Rheumatol (2012) 39(4):864–7. doi:10.3899/jrheum.110877
99. Burns JC, Mason WH, Hauger SB, Janai H, Bastian JF, Wohrley JD, et al.
Infliximab treatment for refractory Kawasaki syndrome. J Pediatr (2005)
146(5):662–7. doi:10.1016/j.jpeds.2004.12.022
100. Hokosaki T, Mori M, Nishizawa T, Nakamura T, Imagawa T, Iwamoto M, et al.
Long-term efficacy of plasma exchange treatment for refractory Kawasaki dis-
ease. Pediatr Int (2012) 54(1):99–103. doi:10.1111/j.1442-200X.2011.03487.x
101. Kato H, Koike S,Yokoyama T. Kawasaki disease: effect of treatment on coronary
artery involvement. Pediatrics (1979) 63(2):175–9.
102. Newburger JW, Takahashi M, Gerber MA, Gewitz MH, Tani LY, Burns JC,
et al. Diagnosis, treatment, and long-term management of Kawasaki dis-
ease: a statement for health professionals from the committee on rheumatic
fever, endocarditis, and Kawasaki disease, council on cardiovascular disease
in the young, American Heart Association. Pediatrics (2004) 114(6):1708–33.
doi:10.1542/peds.2004-2182
103. Newburger JW, Sleeper LA, McCrindle BW, Minich LL, Gersony W, Vet-
ter VL, et al. Randomized trial of pulsed corticosteroid therapy for pri-
mary treatment of Kawasaki disease. N Engl J Med (2007) 356(7):663–75.
doi:10.1056/NEJMoa061235
104. Kobayashi T, Saji T, Otani T, Takeuchi K, Nakamura T, Arakawa H, et al. Effi-
cacy of immunoglobulin plus prednisolone for prevention of coronary artery
abnormalities in severe Kawasaki disease (RAISE study): a randomised, open-
label, blinded-endpoints trial. Lancet (2012) 379(9826):1613–20. doi:10.1016/
S0140-6736(11)61930-2
105. Son MB, Newburger JW. Management of Kawasaki disease: corticosteroids
revisited. Lancet (2012) 379(9826):1571–2. doi:10.1016/S0140-6736(12)
60196-2
106. Sleeper LA, Minich LL, McCrindle BM, Li JS, Mason W, Colan SD, et al. Evalua-
tion of Kawasaki disease risk-scoring systems for intravenous immunoglobulin
resistance. J Pediatr (2011) 158(5):831.e–5.e. doi:10.1016/j.jpeds.2010.10.031
107. van der Meché FG, Schmitz PI. A randomized trial comparing intravenous
immune globulin and plasma exchange in Guillain-Barré syndrome. Dutch
Guillain-Barré Study Group. N Engl J Med (1992) 326(17):1123–9. doi:10.
1056/NEJM199204233261705
108. Bril V, Ilse WK, Pearce R, Dhanani A, Sutton D, Kong K. Pilot trial of
immunoglobulin versus plasma exchange in patients with Guillain-Barré syn-
drome. Neurology (1996) 46(1):100–3. doi:10.1212/WNL.46.1.100
109. Plasma Exchange/Sandoglobulin Guillain-Barré Syndrome Trial Group.
Randomised trial of plasma exchange, intravenous immunoglobulin,
and combined treatments in Guillain-Barré syndrome. Lancet (1997)
349(9047):225–30. doi:10.1016/S0140-6736(96)09095-2
110. Asbury AK. New concepts of Guillain-Barré syndrome. J Child Neurol (2000)
15(3):183–91. doi:10.1177/088307380001500308
111. Fokkink WJ, Selman MH, Dortland JR, Durmus B, Kuitwaard K, Huizinga
R, et al. IgG Fc N-glycosylation in Guillain-Barré syndrome treated with
immunoglobulins. J Proteome Res (2014) 13(3):1722–30. doi:10.1021/
pr401213z
112. Hughes RA, Swan AV, van Doorn PA. Intravenous immunoglobulin for
Guillain-Barré syndrome. Cochrane Database Syst Rev (2012) 7:CD002063.
doi:10.1002/14651858.CD002063.pub5
113. Hughes RA, van Doorn PA. Corticosteroids for Guillain-Barré syndrome.
Cochrane Database Syst Rev (2012) 8:CD001446. doi:10.1002/14651858.
CD001446.pub4
114. Kornberg AJ, Dalakas MC,Yee WC, Byrne E, Tsai CP, Spaeth P, et al. Expert Con-
sensus Statements on the Use of IVIg in Neurology, Asia Pacifique IVIgAdvisory
Board. Canberra, ACT: National Health and Medical Research Council (2004).
115. Raphael JC, Chevret S, Harboun M, Jars-Guincestre MC; French Guillain-Barré
Syndrome Cooperative Group. Intravenous immune globulins in patients
with Guillain-Barré syndrome and contraindications to plasma exchange:
3 days versus 6 days. J Neurol Neurosurg Psychiatry (2001) 71(2):235–8.
doi:10.1136/jnnp.71.2.235
116. Korinthenberg R, Schessl J, Kirschner J, Mönting JS. Intravenously adminis-
tered immunoglobulin in the treatment of childhood Guillain-Barré syndrome:
a randomized trial. Pediatrics (2005) 116(1):8–14. doi:10.1542/peds.2004-1324
117. Kuitwaard K, de Gelder J, Tio-Gillen AP, Hop WC, van Gelder T, van Toore-
nenbergen AW, et al. Pharmacokinetics of intravenous immunoglobulin and
outcome in Guillain-Barré syndrome. Ann Neurol (2009) 66(5):597–603.
doi:10.1002/ana.21737
118. Hughes RA, Swan AV, van Doorn PA. Intravenous immunoglobulin for
Guillain-Barré syndrome. Cochrane Database Syst Rev (2014) 9:CD002063.
doi:10.1002/14651858.CD002063.pub6
119. van Koningsveld R, Schmitz PI, Meché FG, Visser LH, Meulstee J, van Doorn
PA, et al. Effect of methylprednisolone when added to standard treatment with
intravenous immunoglobulin for Guillain-Barré syndrome: randomised trial.
Lancet (2004) 363(9404):192–6. doi:10.1016/S0140-6736(03)15324-X
120. Garssen MP, van Koningsveld R, van Doorn PA, Merkies IS, Scheltens-de Boer
M, van Leusden JA, et al. Treatment of Guillain-Barré syndrome with mycophe-
nolate mofetil: a pilot study. J Neurol Neurosurg Psychiatry (2007) 78(9):1012–3.
doi:10.1136/jnnp.2006.102731
121. Pritchard J, Gray IA, Idrissova ZR, Lecky BR, Sutton IJ, Swan AV, et al. A ran-
domized controlled trial of recombinant interferon-beta 1a in Guillain-Barré
syndrome. Neurology (2003) 61(9):1282–4. doi:10.1212/01.WNL.0000092019.
53628.88
122. Yuki N, Ang CW, Koga M, Jacobs BC, van Doorn PA, Hirata K, et al. Clin-
ical features and response to treatment in Guillain-Barré syndrome associ-
ated with antibodies to GM1b ganglioside. Ann Neurol (2000) 47(3):314–21.
doi:10.1002/1531-8249(200003)47:3<314::AID-ANA6>3.0.CO;2-C
123. Eftimov F, Winer JB, Vermeulen M, de Haan R, van Schaik IN. Intra-
venous immunoglobulin for chronic inflammatory demyelinating polyradicu-
loneuropathy. Cochrane Database Syst Rev (2013) 12:CD001797. doi:10.1002/
14651858.CD001797.pub3
124. Eftimov F, van Schaik I. Chronic inflammatory demyelinating polyradicu-
loneuropathy: update on clinical features, phenotypes and treatment options.
Curr Opin Neurol (2013) 26(5):496–502. doi:10.1097/WCO.0b013e328363bfa4
125. Csurhes PA, Sullivan AA, Green K, Pender MP, McCombe PA. T cell reactivity
to P0, P2, PMP-22, and myelin basic protein in patients with Guillain-Barre
syndrome and chronic inflammatory demyelinating polyradiculoneuropathy.
J Neurol Neurosurg Psychiatry (2005) 76(10):1431–9. doi:10.1136/jnnp.2004.
052282
126. Hughes RA, Allen D, Makowska A, Gregson NA. Pathogenesis of chronic
inflammatory demyelinating polyradiculoneuropathy. J Peripher Nerv Syst
(2006) 11(1):30–46. doi:10.1111/j.1085-9489.2006.00061.x
127. Chi LJ, Wang HB, Wang WZ. Impairment of circulating CD4+CD25+ regula-
tory T cells in patients with chronic inflammatory demyelinating polyradicu-
loneuropathy. J Peripher Nerv Syst (2008) 13(1):54–63. doi:10.1111/j.1529-
8027.2008.00158.x
128. Sanvito L, Makowska A, Gregson N, Nemni R, Hughes RA. Circulating sub-
sets and CD4(+)CD25(+) regulatory T cell function in chronic inflammatory
demyelinating polyradiculoneuropathy. Autoimmunity (2009) 42(8):667–77.
doi:10.3109/08916930903140907
129. Schneider-Hohendorf T, Schwab N, Uçeyler N, Göbel K, Sommer C,
Wiendl H. CD8+ T-cell immunity in chronic inflammatory demyelinating
polyradiculoneuropathy. Neurology (2012) 78(6):402–8. doi:10.1212/WNL.
0b013e318245d250
130. Van den Berg LH, Mollee I, Wokke JH, Logtenberg T. Increased frequencies of
HPRT mutant T lymphocytes in patients with Guillain-Barré syndrome and
chronic inflammatory demyelinating polyneuropathy: further evidence for a
role of T cells in the etiopathogenesis of peripheral demyelinating diseases. J
Neuroimmunol (1995) 58(1):37–42. doi:10.1016/0165-5728(94)00185-Q
131. Hughes R, Bensa S, Willison H, Van den Bergh P, Comi G, Illa I, et al. Random-
ized controlled trial of intravenous immunoglobulin versus oral prednisolone
in chronic inflammatory demyelinating polyradiculoneuropathy. Ann Neurol
(2001) 50(2):195–201. doi:10.1002/ana.1088
132. Nobile-Orazio E, Cocito D, Jann S, Uncini A, Beghi E, Messina P, et al. Intra-
venous immunoglobulin versus intravenous methylprednisolone for chronic
www.frontiersin.org December 2014 | Volume 5 | Article 629 | 17
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Kerr et al. Dosing therapeutic immunoglobulins
inflammatory demyelinating polyradiculoneuropathy: a randomised con-
trolled trial. Lancet Neurol (2012) 11(6):493–502. doi:10.1016/S1474-4422(12)
70093-5
133. Latov N, Deng C, Dalakas MC, Bril V, Donofrio P, Hanna K, et al. Timing
and course of clinical response to intravenous immunoglobulin in chronic
inflammatory demyelinating polyradiculoneuropathy. Arch Neurol (2010)
67(7):802–7. doi:10.1001/archneurol.2010.105
134. Hughes RA, Donofrio P, Bril V, Dalakas MC, Deng C, Hanna K, et al. Intra-
venous immune globulin (10% caprylate-chromatography purified) for the
treatment of chronic inflammatory demyelinating polyradiculoneuropathy
(ICE study): a randomised placebo-controlled trial. Lancet Neurol (2008)
7(2):136–44. doi:10.1016/S1474-4422(07)70329-0
135. van Schaik IN, Eftimov F, van Doorn PA, Brusse E, van den Berg LH, van der
Pol WL, et al. Pulsed high-dose dexamethasone versus standard prednisolone
treatment for chronic inflammatory demyelinating polyradiculoneuropathy
(PREDICT study): a double-blind, randomised, controlled trial. Lancet Neurol
(2010) 9(3):245–53. doi:10.1016/S1474-4422(10)70021-1
136. Dyck PJ, Litchy WJ, Kratz KM, Suarez GA, Low PA, Pineda AA, et al. A
plasma exchange versus immune globulin infusion trial in chronic inflamma-
tory demyelinating polyradiculoneuropathy. Ann Neurol (1994) 36(6):838–45.
doi:10.1002/ana.410360607
137. Hughes RA, Mehndiratta MM. Corticosteroids for chronic inflammatory
demyelinating polyradiculoneuropathy. Cochrane Database Syst Rev (2012)
8:CD002062. doi:10.1002/14651858.CD002062.pub2
138. Eftimov F, Liesdek MH, Verhamme C, van Schaik IN; PREDICT Study
Group. Deterioration after corticosteroids in CIDP may be associated with
pure focal demyelination pattern. BMC Neurol (2014) 14:72. doi:10.1186/
1471-2377-14-72
139. Kuitwaard K, van Doorn PA, Vermeulen M, van den Berg LH, Brusse E, van der
Kooi AJ, et al. Serum IgG levels in IV immunoglobulin treated chronic inflam-
matory demyelinating polyneuropathy. J Neurol Neurosurg Psychiatry (2013)
84(8):859–61. doi:10.1136/jnnp-2012-304670
140. Kokubun N, Sada T, Yuki N, Okabe M, Hirata K. Optimization of intra-
venous immunoglobulin in chronic inflammatory demyelinating polyneu-
ropathy evaluated by grip strength measurement. Eur Neurol (2013) 70(1–
2):65–9. doi:10.1159/000350287
141. Rajabally YA, Seow H, Wilson P. Dose of intravenous immunoglobulins in
chronic inflammatory demyelinating polyneuropathy. J Peripher Nerv Syst
(2006) 11(4):325–9. doi:10.1111/j.1529-8027.2006.00105.x
142. Rajabally YA, Wong SL, Kearney DA. Immunoglobulin G level variations in
treated chronic inflammatory demyelinating polyneuropathy: clues for future
treatment regimens? J Neurol (2013) 260(8):2052–6. doi:10.1007/s00415-013-
6938-7
143. Broyles R, Rodden L, Riley P, Berger M. Variability in intravenous immunoglob-
ulin G regimens for autoimmune neuromuscular disorders. Postgrad Med
(2013) 125(2):65–72. doi:10.3810/pgm.2013.03.2619
144. Blackhouse G, Gaebel K, Xie F, Campbell K, Assasi N, Tarride JE, et al. Cost-
utility of intravenous immunoglobulin (IVIG) compared with corticosteroids
for the treatment of chronic inflammatory demyelinating polyneuropathy
(CIDP) in Canada. Cost Eff Resour Alloc (2010) 8:14. doi:10.1186/1478-7547-
8-14
145. Lee DH, Linker RA, Paulus W, Schneider-Gold C, Chan A, Gold R. Subcuta-
neous immunoglobulin infusion: a new therapeutic option in chronic inflam-
matory demyelinating polyneuropathy. Muscle Nerve (2008) 37(3):406–9.
doi:10.1002/mus.20909
146. Markvardsen LH, Debost JC, Harbo T, Sindrup SH, Andersen H, Christiansen
I, et al. Subcutaneous immunoglobulin in responders to intravenous therapy
with chronic inflammatory demyelinating polyradiculoneuropathy. Eur J Neu-
rol (2013) 20(5):836–42. doi:10.1111/ene.12080
147. Gorson KC, Natarajan N, Ropper AH, Weinstein R. Rituximab treatment in
patients with IVIg-dependent immune polyneuropathy: a prospective pilot
trial. Muscle Nerve (2007) 35(1):66–9. doi:10.1002/mus.20664
148. Hughes RA, Gorson KC, Cros D, Griffin J, Pollard J, Vallat JM, et al.
Intramuscular interferon beta-1a in chronic inflammatory demyelinating
polyradiculoneuropathy. Neurology (2010) 74(8):651–7. doi:10.1212/WNL.
0b013e3181d1a862
149. RMC Trial Group. Randomised controlled trial of methotrexate for chronic
inflammatory demyelinating polyradiculoneuropathy (RMC trial): a pilot,
multicentre study. Lancet Neurol (2009) 8(2):158–64. doi:10.1016/S1474-
4422(08)70299-0
150. Cocito D, Grimaldi S, Paolasso I, Falcone Y, Antonini G, Benedetti L,
et al. Immunosuppressive treatment in refractory chronic inflammatory
demyelinating polyradiculoneuropathy. A nationwide retrospective analy-
sis. Eur J Neurol (2011) 18(12):1417–21. doi:10.1111/j.1468-1331.2011.03495
151. Bedi G, Brown A, Tong T, Sharma KR. Chronic inflammatory demyelinating
polyneuropathy responsive to mycophenolate mofetil therapy. J Neurol Neuro-
surg Psychiatry (2010) 81(6):634–6. doi:10.1136/jnnp.2009.177576
152. Marsh EA, Hirst CL, Llewelyn JG, Cossburn MD, Reilly MM, Krishnan A,
et al. Alemtuzumab in the treatment of IVIG-dependent chronic inflammatory
demyelinating polyneuropathy. J Neurol (2010) 257(6):913–9. doi:10.1007/
s00415-009-5437-3
153. Pestronk A, Cornblath DR, Ilyas AA, Baba H, Quarles RH, Griffin JW, et al.
A treatable multifocal motor neuropathy with antibodies to GM1 ganglioside.
Ann Neurol (1988) 24(1):73–8. doi:10.1002/ana.410240113
154. van der Pol WL, Cats EA, van den Berg LH. Intravenous immunoglobulin
treatment in multifocal motor neuropathy. J Clin Immunol (2010) 30(Suppl
1):S79–83. doi:10.1007/s10875-010-9408-3
155. van Schaik IN, van den Berg LH, de Haan R, Vermeulen M. Intravenous
immunoglobulin for multifocal motor neuropathy. Cochrane Database Syst
Rev (2005) 18(2):CD004429. doi:10.1002/14651858.CD004429.pub2
156. Misbah SA, Baumann A, Fazio R, Dacci P, Schmidt DS, Burton J, et al.
A smooth transition protocol for patients with multifocal motor neuropa-
thy going from intravenous to subcutaneous immunoglobulin therapy: an
open-label proof-of-concept study. J Peripher Nerv Syst (2011) 16(2):92–7.
doi:10.1111/j.1529-8027.2011.00330.x
157. Braine ME, Woodall A. A comparison between intravenous and subcutaneous
immunogobulin. Br J Nurs (2012) 21(8):S21–2. doi:10.12968/bjon.2012.21.
Sup5.S21
158. Vlam L, van der Pol WL, Cats EA, Straver DC, Piepers S, Franssen H, et al. Mul-
tifocal motor neuropathy: diagnosis, pathogenesis and treatment strategies.
Nat Rev Neurol (2011) 8(1):48–58. doi:10.1038/nrneurol.2011.175
159. Nobile-Orazio E, Giannotta C, Musset L, Messina P, Léger JM. Sensitivity
and predictive value of anti-GM1/galactocerebroside IgM antibodies in mul-
tifocal motor neuropathy. J Neurol Neurosurg Psychiatry (2014) 85(7):754–8.
doi:10.1136/jnnp-2013-305755
160. Jinka M, Chaudhry V. Treatment of multifocal motor neuropathy. Curr Treat
Options Neurol (2014) 16(2):269. doi:10.1007/s11940-013-0269-y
161. Umapathi T, Hughes RA, Nobile-Orazio E, Léger JM. Immunosuppressant and
immunomodulatory treatments for multifocal motor neuropathy. Cochrane
Database Syst Rev (2012) 4:CD003217. doi:10.1002/14651858.CD003217.pub4
162. Vlam L, Cats EA, Willemse E, Franssen H, Medic J, Piepers S, et al. Pharma-
cokinetics of intravenous immunoglobulin in multifocal motor neuropathy.
J Neurol Neurosurg Psychiatry (2014) 85(10):1145–8. doi:10.1136/jnnp-2013-
306227
163. Eftimov F, Vermeulen M, de Haan RJ, van den Berg LH, van Schaik IN. Subcu-
taneous immunoglobulin therapy for multifocal motor neuropathy. J Peripher
Nerv Syst (2009) 14(2):93–100. doi:10.1111/j.1529-8027.2009.00218.x
164. Piepers S, Van den Berg-Vos R, Van der Pol WL, Franssen H, Wokke J,
Van den Berg L. Mycophenolate mofetil as adjunctive therapy for MMN
patients: a randomized, controlled trial. Brain (2007) 130(Pt 8):2004–10.
doi:10.1093/brain/awm144
165. Chaudhry V, Cornblath DR. An open-label trial of rituximab (Rituxanï¿½)
in multifocal motor neuropathy. J Peripher Nerv Syst (2010) 15(3):196–201.
doi:10.1111/j.1529-8027.2010.00270.x
166. Conti-Fine BM, Milani M, Kaminski HJ. Myasthenia gravis: past, present, and
future. J Clin Invest (2006) 116(11):2843–54. doi:10.1172/JCI29894
167. Gajdos P, Outin H, Elkharrat D, Brunel D, de Rohan-Chabot P, Raphael JC, et al.
High-dose intravenous gammaglobulin for myasthenia gravis. Lancet (1984)
1(8373):406–7. doi:10.1016/S0140-6736(84)90469-0
168. Gajdos P, Tranchant C, Clair B, Bolgert F, Eymard B, Stojkovic T, et al. Treat-
ment of myasthenia gravis exacerbation with intravenous immunoglobulin:
a randomized double-blind clinical trial. Arch Neurol (2005) 62(11):1689–93.
doi:10.1001/archneur.62.11.1689
169. Gajdos P, Chevret S, Toyka KV. Intravenous immunoglobulin for myasthe-
nia gravis. Cochrane Database Syst Rev (2012) 12:CD002277. doi:10.1002/
14651858.CD002277.pub4
Frontiers in Immunology | Primary Immunodeficiencies December 2014 | Volume 5 | Article 629 | 18
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Kerr et al. Dosing therapeutic immunoglobulins
170. Espinoza JP, Caradeux J, Norwitz ER, Illanes SE. Fetal and neonatal alloimmune
thrombocytopenia. Rev Obstet Gynecol (2013) 6(1):e15–21.
171. Tiller H, Kamphuis MM, Flodmark O, Papadogiannakis N, David AL, Sainio S,
et al. Fetal intracranial haemorrhages caused by fetal and neonatoal alloim-
mune thrombocytopenia: an observational cohort study of 43 cases from
an international multicentre registry. BMJ Open (2013) 3(3):e002490. doi:10.
1136/bmjopen-2012-002490
172. Bussel JB, Berkowitz RL, McFarland JG, Lynch L, Chitkara U. Antenatal
treatment of neonatal alloimmune thrombocytopenia. N Engl J Med (1988)
319:1374–8. doi:10.1056/NEJM198811243192103
173. Murphy MF, Bussel JB. Advances in the management of alloimmune thrombo-
cytopenia. Br J Haematol (2006) 136:366–78. doi:10.1111/j.1365-2141.2006.
06418.x
174. Kamphuis MM, Oepkes D. Fetal and neonatal alloimmune thrombocytopenia.
Prenat Diagn (2011) 31:712–9. doi:10.1002/pd.2779
175. Cook TJ, Qiu CC, Dickinson JE. Neonatal outcome in alloimmune thrombo-
cytopenia after maternal treatment with intravenous immunoglobulin. Aust
N Z J Obstet Gynaecol (2012) 52(4):321–6. doi:10.1111/j.1479-828X.2012.
01438.x
176. Van Der Lugt NM, Kamphuis MM, Paridaans NP, Figee A, Oepkes D, Walther
FJ, et al. Neonatal outcome in alloimmune thrombocytopenia after maternal
treatment with intravenous immunoglobulin. Blood Transfus (2014) 19:1–6.
doi:10.2450/2014.0309-13
177. Bertrand G, Kaplan C. How do we treat fetal and neonatal alloimmune throm-
bocytopenia? Transfusion (2014) 54(7):1698–703. doi:10.1111/trf.12671
178. Rayment R, Brunskill SJ, Soothill PW, Roberts DJ, Bussel JB, Murphy
MF. Antenatal interventions for fetomaternal alloimmune thrombocytope-
nia (review). Cochrane Database Syst Rev (2011) 5:CD004226. doi:10.1002/
14651858.CD004226.pub3
179. Chen P, Li C, Lang S, Zhu G, Reheman A, Spring CM, et al. Animal model of
fetal and neonatal immune thrombocytopenia: role of neonatal Fc receptor
in the pathogenesis and therapy. Blood (2010) 116(18):3660–8. doi:10.1182/
blood-2010-05-284919
180. Tiller H, Killie MK, Chen P, Eksteen M, Husebekk A, Skogen B, et al. Toward
a prophylaxis against fetal an neonatal alloimmune thrombocytopenia: induc-
tion of antibody-mediated immune suppression and prevention of severe
clinical complications in a murine model. Transfusion (2012) 52:1446–57.
doi:10.1111/j.1537-2995.2011.03480.x
181. Ghevaert C, Herbert N, Hawkins L, Grehan N, Cookson P, Garner SF, et al.
Recombinant HPA-1a antibody therapy for treatment of fetomaternal alloim-
mune thrombocytopenia: proof of principle in human volunteers. Blood
(2013) 122(3):313–20. doi:10.1182/blood-2013-02-481887
182. Bakchoul T, Greinacher A, Sachs UJ, Krautwurst A, Renz H, Hab H, et al.
Inhibition of HPA-1a alloantibody-mediated platelet destruction by a degly-
cosylated anti-HPA-1a monoclonal antibody in mice: toward targeted treat-
ment of fetal-alloimmune thrombocytopenia. Blood (2013) 122(3):321–7.
doi:10.1182/blood-2012-11-468561
183. Kjeldsen-Kragh J, Ni H, Skogen B. Towards a prophylactic treatment of HPA-
related foetal and neonatal alloimmune thrombocytopenia. Curr Opin Hematol
(2012) 19(6):469–74. doi:10.1097/MOH.0b013e328358f86c
184. Branch DW, Porter FT, Paidas MJ, Belfort MA, Gonik B. Obstetric use of
intravenous immuno-globulin: successes, failures, and promises. Allergy Clin
Immunol (2001) 108(4 Suppl):S133–8. doi:10.1067/mai.2001.117821
185. Wong KS, Connan K, Rowlands S, Kornmann LH, Svoia HF. Antenatal
immunoglobulin for fetal red blood cell alloimmunization. Cochrane Database
Syst Rev (2013) 5:CD008267. doi:10.1002/14651858.CD008267.pub2
186. Dalakas MC. Mechanistic effects of IVIg in neuroinflammatory diseases:
conclusions based on clinicopathologic correlations. J Clin Immunol (2014)
34(Suppl 1):S120–6. doi:10.1007/s10875-014-0024-5
187. Enk A, Fierlbeck G, French L, Girolomino G, Hertl M, Jolles S, et al. Update of
the guideline on the use of high-dose intravenous immunoglobulin in derma-
tology. Eur Dermatol Forum (2011). doi:10.1684/ejd.2008.0580
188. Danieli MG, Gambini S, Pettinari L, Logullo F, Veronesi G, Gabrielli A. Impact
of treatment on survival in polymyositis and dermatomyositis. A single-
centre long-term follow-up study. Autoimmun Rev (2014) 13(10):1048–54.
doi:10.1016/j.autrev.2014.08.023
189. Rider LG, Katz JD, Jones OY. Developments in the classification and treatment
of the juvenile idiopathic inflammatory myopathies. Rheum Dis Clin North Am
(2013) 39(4):877–904. doi:10.1016/j.rdc.2013.06.001
190. Seidling V, Hoffmann JHO, Enk AH, Eva NH. Analysis of high-dose intra-
venous immunoglobulin therapy in 16 patients with refractory autoimmune
blistering skin disease: high efficacy and no serious adverse events. Acta Derm
Venereol (2013) 93:346–9. doi:10.2340/00015555-1471
191. Barron SJ, Del Vecchio MT, Aronoff SC. Intravenous immunoglobulin in the
treatment of Stevens-Johnson syndrome and toxic epidermal necrolysis: a
meta-analysis with meta-regression of observational studies. Int J Dermatol
(2014). doi:10.1111/ijd.12423
192. Jolles S, Bernatowska E, de Gracia J, Borte M, Cristea V, Peter HH, et al.
Efficacy and safety of Hizentra(®) in patients with primary immunode-
ficiency after a dose-equivalent switch from intravenous or subcutaneous
replacement therapy. Clin Immunol (2011) 141(1):90–102. doi:10.1016/j.clim.
2011.06.002
193. von Geldern G, Mc Pharlin T, Becker K. Immune mediated diseases and
immunmodulation in the neurocritical care unit. Neurotherapeutics (2012)
9:99–123. doi:10.1007/s13311-011-0096-3
Conflict of Interest Statement: Jacqueline Kerr, none; Isabella Quinti, is a mem-
ber of the Baxter and CSL-Behring advisory boards; Helen Chapel is a consultant
for Biotest and LFB and has worked as a consultant for Baxter Healthcare, Grifols,
and CSL-Behring; Martha Eibl, none; Hans-Hartmut Peter is member of the Pfizer
scientific advisory board of the pneumococcal conjugate vaccine PCV13 program
in Germany. Occasional lecturer for CSL-Behring and Novartis Ag. Abdulgabar
Salama, none; Ivo N. van Schaik, received departmental honoraria for serving on
scientific advisory boards for CSL-Behring and Baxter and a steering committee for
CSL-Behring; Peter J. Späth, none; W. A. Carrock Sewell, none; Taco W. Kuijpers,
none.
Received: 15 October 2014; paper pending published: 08 November 2014; accepted: 25
November 2014; published online: 12 December 2014.
Citation: Kerr J, Quinti I, Eibl M, Chapel H, Späth PJ, Sewell WAC, Salama A, van
Schaik IN, Kuijpers TW and Peter H-H (2014) Is dosing of therapeutic immunoglobu-
lins optimal? A review of a three-decade long debate in Europe. Front. Immunol. 5:629.
doi: 10.3389/fimmu.2014.00629
This article was submitted to Primary Immunodeficiencies, a section of the journal
Frontiers in Immunology.
Copyright © 2014 Kerr, Quinti, Eibl, Chapel, Späth, Sewell, Salama, van Schaik,
Kuijpers and Peter . This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or reproduction
in other forums is permitted, provided the original author(s) or licensor are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
www.frontiersin.org December 2014 | Volume 5 | Article 629 | 19
